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Abstract 

Potato peel extract was validated as a safe and eco-friendly corrosion inhibitor for the 

carbon steel A283 grade C (CS A283) in 2.0 M HCl solution employing both chemical 

and electrochemical methods. The active constituents were successfully extracted using an 

alcoholic medium, and their chemical structures were identified by FT-IR, ¹H NMR, ¹³C 

NMR, and mass spectrometry analyses. The findings demonstrated that the corrosion rate 

dramatically dropped and the inhibition efficiency rose in tandem with an increase in 

potato peel extract content and decline in temperature. Polarization data suggested that the 

potato peel extract functioned as a mixed-type inhibitor. The inhibition mechanism is 

attributed to the spontaneous and parallel adsorption of the extract’s main constituents 
onto the surface of CS A283 leading to the formation of an effective protective film 

against the corrosive acidic medium. The adsorption process is subjected to Langmuir 

isotherm. Furthermore, activation and adsorption thermodynamic parameters were 

evaluated and discussed. Several thermodynamic activation functions were determined 

and analyzed to better understand the corrosion and inhibition behavior. Scanning electron 

microscopy (SEM) was emploed to analyze the surface morphological characteristics, 

affording a thorough understanding of the state of the surface and the degree of corrosion 

protection. The theoretical results indicated that the active constituents of potato peel 

extract can absorb onto the CS A283 surface. In addition, the study anticipates that 

petunidin and chlorogenic acid exhibit greater inhibition efficacy compared to the other 

components. 

Keywords: Corrosion inhibition, carbon steel A283C, Potato peel, Adsorption, Impedance. 

 

1. Introduction 

Carbon steel is utilized extensively in a variety of industries of strategic and economic 

importance, such as oil and gas pipelines, construction, the formation of storage tanks, silos, 

forgings, decorative engineering, agricultural equipment and many other industrial applications. 

[1,2]. Hydrochloric acid (HCl) is commonly applied in pickling processes to eliminate rust  from 

steel surfaces and enhance corrosion protection. However, during pickling, steel is exposed to 

highly aggressive chloride ions that can infiltrate pores and micro-cracks in the oxide film, 

eventually causing substrate corrosion. Several approaches have been developed to mitigate 

corrosion of steel in HCl media [3,4]. Among them, the use of corrosion inhibitors is thought to 

be one of the most effective and popular techniques.[5].  

Most of corrosion inhibitors are organic compounds that include heteroatoms [6-15]. These 

compounds resist corrosion by adhering to the steel surface via heteroatoms, conjugated double 

bonds, or aromatic rings in their molecular structures. Additionally, the adsorption of these 



heteroatom-including compounds on the steel surface is impacted by the chemical structure of 

the inhibitor, the nature and charge of the metal surface, and the kind of corrosive solution. 

Although organic inhibitors are characterized by their high inhibition efficiency, but most of 

them are toxic and environmentally harmful. This limitation has encouraged researchers to 

explore eco-friendly alternatives such as plant extracts and natural oils to reduce corrosion[16-

21] .These green inhibitors are advantageous due to their biodegradability, low toxicity, safety 

for human use, and relatively low cost, which enhances their economic feasibility. In addition, 

they are rich in active functional groups that facilitate strong adsorption onto metal surfaces, 

leading to improved corrosion inhibition efficiency. 

   Prior studies have demonstrated that natural aqueous plant extracts and essential oils like 

cinnamon extract [22], Lawsonia extract [23], curcumin, parsley, and cassia bark extracts [24], 

as well as natural oils like mentha oil [25], lettuce oil [26], and nutmeg oil [27], significantly 

inhibit steel corrosion in acidic media. The fundamental way that these natural inhibitors work is 

by adhering to the steel surface and creating a barrier of defense. The existence of active 

functional groups in their chemical structures, which enable robust interactions with the steel 

surface, has a substantial impact on the effectiveness of inhibition.    

To achieve the strategic goal of this study, the primary chemicals in potato peels were extracted using 

alcohol and examined as a safe, affordable, and environmentally friendly sustainable corrosion inhibitor 

for carbon steel A283 grade C in a 2.0 M HCl solution at varying temperatures. The inhibitory efficacy of 

the extract was determined by weight loss (WL), potentiodynamic polarization (PDP), and 

electrochemical impedance spectroscopy (EIS). A activation and adsorption parameters were also 

computed and analysed. The structural features and protective characteristics of the potato peel 

extract were examined using DFT simulations. This detailed method seeks to clarify the intricate 

relationships between the components of potato peels extract and the steel surface, providing 

insightful information to aid in the creation of effective and high-performing corrosion control 

techniques. 

2. Experimental procedures 

 

The carbon steel A283 grade C (CS A283) plate utilized in the current study has the following 

chemical composition (wt.%): 0.280 C, 0.200 Cu, 0.038 P, 1.01 Mn, 0.277 Si, 0.047 S, with the 

balance being Fe.”Before to each experiment, the steel specimens are manually polished using 



silicon carbide (SiC) abrasive sandpaper of different grit sizes (400–1200) . The specimens are 

then thoroughly rinsed with distilled water and degreased with acetone before being permitted to 

air dry at room temperature.The chemicals used in this study were hydrochloric acid (34%), 

ethanol (99%), and acetone, all of which were purchased from Al-Nasr Chemicals Co., Egypt. 

The potato peels were thoroughly washed, sun-dried, and then refluxed for three hours using 

ethanol (99%). After refluxing, the mixture was filtered, and the filtrate was concentrated. The 

resulting concentrate was further dried in open air to obtain the final extract as a white powder. 

The chemical composition of the extract was characterized using FT-IR, ¹H NMR, ¹³C NMR, and 

mass spectrometry (MS) to identify the main active components [28].Depending on the relative 

proportions of its constituents, the major bioactive compounds present in potato peel include α-

chaconine, chlorogenic acid, caffeic acid, petunidin, gallic acid, and quercetin (Table 1). In 

addition, potato peel contains moisture, proteins, ash, and starch, along with smaller amounts of 

α-solanine and demissidine. It also includes several phenolic and flavonoid compounds such as 

pelargonidin, peonidin, malvidin, p-coumaric acid, ferulic acid, protocatechuic acid, rutin, and 

catechin. Moreover, it is a source of fatty acids, essential minerals (including zinc, potassium, 

sodium, calcium, iron, and magnesium), as well as vitamins such as B-complex vitamins and 

vitamin C (ascorbic acid) [29–31]. An amount of 1000 mg of the extract was dissolved in 1 L of 

distilled water to obtain the stock solution, from which the desired concentrations were prepared 

by serial dilution. 

 

Table (1): The primary active ingredients in potato peel extract 

Name 
Content 

(μg/g) Chemical Structure 
Formula and 

M.W (g/mol) 

α-chaconine 670 ± 130 

 

C45H73NO14 
852.07 



 

2.2. Clarification of inhibitors 

FT-IR in Figure (1-a) is acquired by Thermos Nicolet IS10 FT-IR Spectrophotometer. IR 

spectrum (KBr) showed characteristic bands at 3413-3212 cm-1 (OH), 3036 cm-1 (CH Ar), 2949 

cm-1 (CH Alkane), 1697 cm-1 (C=O), 1636  cm-1 (C=C Ar), 1513 cm-1 (C-H), 1290-1202 cm-1 

(C-O), 1170-1085 cm-1 (C-N), 1018 cm-1 (C-O-C). 

1H NMR and 13C NMR both are acquired by Mercury, temperature of 30°C, 300 MHz for 1H 

NMR and 75.46 MHz for 13C NMR, CD3OD as a solvent. 

1H NMR (300 MHz, CD3OD) δ:  

Name 
Content 

(μg/g) Chemical Structure 
Formula and 

M.W (g/mol) 

Chlorogenic 
acid 

9.05 ± 
0.015 

 

C16H18O9 
354.31 

Caffeic acid 6.97 ± 
0.001 

 

C9H8O4 
180.16 

Petunidin 3.23 ± 
0.022 

 

C16H13ClO7 
352.72 

Gallic acid 1.91 ± 
0.002 

 

C7H6O5 
170.12 

Quercetin 0.42 ± 
0.03 

 

C15H10O7 
302.24 



α-chaconine: 4.97 – 4.90 (m, 3H, 12, 14, 37), 4.58 – 4.49 (m, 4H, 10, 11, 13, 43, 49, 51), 4.05 – 

3.97 (m, 3H, 9), 3.92 – 3.73 (m, 7H, 41, 44, 45, 46, 47, 48'', 50, 52, 56), 3.64 – 3.53 (m, 3H, 48', 

53, 54, 57), 3.57 – 3.49 (m, 3H, 4), 3.38 – 3.28 (m, 2H, 19, 55, 58), 2.96 – 2.84 (m, 2H, 25, 31), 

1.99 – 1.83 (m, 3H, 21'', 29'', 30'', 39, 40''), 1.82 – 1.24 (m, 19H, 7, 17, 18, 20, 21', 22, 23, 24, 26, 

29', 30', 34, 35, 36, 40'), 1.11 – 1.06 (m, 5H, 59, 60), 1.00 – 0.97 (s, 2H, 38), 0.97 – 0.87 (m, 7H, 

32, 42), 0.80 – 0.77 (s, 2H, 28). 

Chlorogenic acid: 7.58 – 7.51 (m, 1H, 19), 7.34 – 7.28 (d, J = 16.3 Hz, 1H, 18), 7.10 – 7.06 (s, 

1H), 7.05 – 7.01 (d, J = 2.1 Hz, 1H, 21), 6.97 – 6.92 (dd, J = 8.5, 2.1 Hz, 1H, 22), 6.80 – 6.75 (d, 

J = 8.4 Hz, 1H, 24), 5.75 – 5.72 (s, 1H, 2), 5.43 – 5.35 (ddt, J = 8.0, 7.0, 4.0 Hz, 1H, 11), 5.15 – 

5.11 (s, 1H, 9), 4.70 – 4.65 (d, J = 6.0 Hz, 1H, 4, 8), 4.12 – 4.03 (dddt, J = 9.9, 6.2, 5.1, 2.5 Hz, 

1H, 15), 3.76 – 3.68 (ddd, J = 8.2, 6.0, 4.9 Hz, 1H, 14), 3.60 – 3.55 (d, J = 5.9 Hz, 1H, 3), 2.50 – 

2.43 (m, 1H, 12'), 2.29 – 2.18 (m, 2H, 12'', 13''), 2.04 – 1.97 (dd, J = 14.2, 5.0 Hz, 1H, 13'). 

Caffeic acid: 7.45 – 7.38 (m, 1H, 11), 7.10 – 7.06 (s, 1H, 1), 7.05 – 7.01 (d, J = 2.1 Hz, 1H, 6), 

6.97 – 6.92 (dd, J = 8.5, 2.1 Hz, 1H, 7), 6.80 – 6.75 (d, J = 8.4 Hz, 1H, 10), 6.33 – 6.26 (d, J = 

16.5 Hz, 1H, 12), 5.15 – 5.11 (s, 1H, 2, 3). 

Petunidin: 9.80 – 9.79 (s, 1H, 4), 9.42 – 9.40 (s, 1H, 6), 8.21 – 8.20 (s, 1H, 13), 7.93 – 7.92 (s, 

1H, 7), 7.79 – 7.76 (m, 3H, 5, 16), 7.70 – 7.69 (d, J = 1.4 Hz, 1H, 15), 6.83 – 6.81 (d, J = 2.3 Hz, 

1H, 21), 6.72 – 6.70 (d, J = 2.4 Hz, 1H, 17), 3.83 – 3.82 (s, 3H, 23). 

Gallic acid: 8.31 – 8.30 (s, 2H, 1, 2, 3), 6.93 – 6.93 (s, 2H, 10, 11), 6.87 – 6.86 (s, 1H). 

Quercetin: 8.39 – 8.37 (s, 1H, 6, 7), 7.64 – 7.62 (d, J = 2.1 Hz, 1H, 17), 7.55 – 7.50 (dd, J = 8.7, 

2.1 Hz, 2H, 19), 6.84 – 6.80 (d, J = 8.7 Hz, 1H, 21), 6.73 – 6.71 (s, 1H, 5), 6.35 – 6.32 (d, J = 1.8 

Hz, 2H, 3, 15), 6.21 – 6.19 (d, J = 2.0 Hz, 2H, 2, 18). 

13C NMR (75.46 MHz, CD3OD) δ:  

α-chaconine: 141.00, 33, 121.92, 37, 102.72, 51, 101.99, 49, 100.46, 43, 78.70, 47, 78.46, 44, 

78.35, 41, 77.45, 45, 77.24, 46, 74.74, 25, 73.91, 58, 73.82, 55, 72.54, 54, 72.43, 56, 72.34, 52, 

72.24, 50, 70.01, 57, 69.91, 53, 69.13, 19, 62.95, 17, 61.77, 48, 60.27, 31, 57.63, 18, 40.41, 16, 

40.09, 24, 39.05, 39, 37.61, 35, 37.56, 27, 36.86, 22, 33.40, 21, 32.40, 29, 31.99, 20, 31.85, 36, 

31.34, 34, 30.24, 40, 29.29, 30, 21.16, 26, 19.82, 42, 19.29, 38, 18.51, 60, 18.42, 59, 18.34, 32, 

16.82, 28. 

Chlorogenic acid: 177.63, 16, 167.45, 17, 148.44, 25, 147.18, 23, 146.72, 19, 127.43, 20, 

122.94, 22, 116.50, 24, 116.04, 18, 115.30, 21, 75.95, 10, 72.78, 14, 72.59, 11, 71.49, 15, 38.80, 

12, 38.21, 13. 

Caffeic acid: 169.48, 13, 148.44, 9, 147.03, 8, 145.86, 11, 126.53, 5, 122.67, 7, 117.44, 12, 

116.17, 10, 114.84, 6. 

Petunidin: 169.77, 19, 161.31, 8, 158.06, 14, 156.03, 11, 151.45, 18, 148.73, 20, 145.11, 22, 

143.48, 12, 132.27, 13, 122.51, 10, 113.47, 9, 112.59, 16, 108.63, 15, 103.22, 21, 95.22, 17, 

56.70, 23. 



Gallic acid: 169.44, 12, 145.77, 8, 9, 139.16, 7, 121.70, 6, 109.87, 10, 11. 

Quercetin: 177.73, 13, 165.19, 16, 160.90, 14, 157.73, 9, 148.61, 22, 147.39, 10, 145.57, 20, 

136.39, 12, 122.61, 11, 120.87, 19, 115.95, 21, 115.73, 17, 103.29, 8, 99.64, 18, 94.45, 15. 

Molecule fragments for mass Spectrum were acquired by Thermo Scientific, USA, Trace GC 

Ultra/ISQ Single Quadrupole MS, TG-5MS detection. The molecules' mass ranged from 50 to 

900 a.m.u., and their ionization voltage was 70 eV. 

Mass Spectrum (EI-MA): m/z (C45H73NO14) calcd = 852.09 (0.73%) [M+], m/z (C16H18O9) 

calcd = 354.83 (2.37%) [M+], m/z (C9H8O4) calcd = 180.01 (29.18%) [M+], m/z (C16H13O7) 

calcd = 317.16 (3.08%) [M+], m/z (C7H6O5) calcd = 170.91 (7.07%) [M+], and m/z (C15H10O7) 

calcd = 302.03 (2.36%) [M+] are shown in Figure (1-b). 

 



 

Figure (1-a): FT-IR and 1H NMR of the extracted main active potato peel compounds 



 

Figure (1-b): 13C NMR and mass spectra of the extracted main active potato peel compounds 

 

 

 



2.3.Corrosion measurements 

The weight loss (WL)measurements were done using CS A283 coupons of 1 × 1 × 1 cm3 

dimensions in 2.0 M HCl solution without and with 10, 50, 100, 150, 300, 400 and 500 ppm of 

potato peel extract, at 25°C±1. These measurements were recorded daily over a period of 7 days. 

The WL experiments were conducted according to the previously outlined procedures [31]. 

Utilizing an SP-150 Potentiostat with EC-Lab software, potentiodynamic polarization (PDP) 

curves and electrochemical impedance spectroscopy (EIS) of CS A283in 2.0 M HCl solution 

with and without the relevant concentrations of potato peel extract were identified. These 

electrochemical tests were repeated with and without 500 parts per million potato peel extract at 

various temperatures ranging from 25 to 50⁰C 

Prior to every experiment, the electrode is submerged in the corrosive HCl media for 15 minutes 

to guarantee the stability of the electrode potential. After then, the run is performed in relation to 

the open circuit potential. The scan rate used in PDP was 1.0 mV/s and the frequency range for 

EIS was from 100 kHz to 0.1 Hz, with 10 mV signal amplitude 

The double layer capacitance is determined according to the coming equation [32]: 𝐶ௗ௟  =  ைܻݓே−1 = ைܻ(2ߨ ௠݂௔௫)ே−1   (1) 

where, Rct and Rct,ext are the charge transfer resistance of corrosion reaction without and with 

potato peel extract. Y0 is the constant phase element in S.sN, ƒmax is the frequency at which the 

imaginary component of the impedance is maximal. 

2.4.Evaluation of corrosion inhibition efficiency 

. The inhibition efficiency (η) and surface coverage (θ) of the investigated potato peel extract 

were determined from WL and PDP measurements using the following equations [33]:  

η = (1 − ఈఉ) × 100                                                                (2)  

η  = (1 − ఈఉ)                                                                                    (3)  

  In this context, α and β refer to the corrosion rate and corrosion current density derived from 

WL and PDP measurements, respectively, for CS A283in 2.0 M HCl solution with and without 

potato peel extract.. In contrast, for EIS analysis, α and β correspond to the charge transfer 

resistance (Rct) values of the blank solution and the inhibited solution, respectively. 



2.5.Surface analysis 

A JSM-IT700HR/LA scanning electron microscope (SEM) was employed to analyze the surface 

morphologies of CS A283. For specimens that had just been surface polished, the micrographs 

were taken at an accelerating voltage of 15 kV following a 6-hour immersion in a 2.0 M HCl 

solution.both in the devoid of  and including of 500 ppm of the extract. All images were recorded 

at a magnification of 1500× 

2.6. Quantum and Monte Carlo simulations 

Gaussian 09 was applied for determining quantum parameters. The optimal geometric structure 

of the potato peel's active molecules was discovered using the DFT: B3LYP/6-311G(d,p) 

technique. Materials Studio 2020's Universal Force-Field was used to conduct a Monte Carlo 

simulation. It was accomplished in a (31.55 × 31.33 × 16.31 Å) simulation boundary box with a 

(5 × 5) supercell and a 35Å slab thickness.20 molecules of H2O and HCl were inserted in the 

simulation box to simulate the solvent on Fe (110) surface. 

3. Results and Discussion 

3.1. Weight loss (WL) measurements 

Figure 2 depicts the time-dependent behavior of the corrosion rate (CR) and inhibition efficiency 

(η), whereas the corresponding computed values of CR and η are compiled in Table (2). 

The findings reveal that the corrosion rate of CS A283 increases over time owing to the 

slow disintegration of the created iron oxide layer. A red, porous layer develops 

on the surface while rusting, on the surface, and it finally becomes loose and powdery. Although 

the performance of potato peel extract on CS A283 decreases with prolonged 

exposure,, it still retains an efficiency of 20.5% at a concentration of 500 ppm after 7 days. 

The inhibitory influence of potato peel extract diminishes with increasing immersion time due to 

the adsorbed protective layer on the steel surface progressively becomes less stable. While 

aggressive hydrogen and chloride ions penetrate the protective barrier and target the CS A283 

surface, some inhibitor molecules desorb from the steel surface after prolonged contact with the 

acidic medium. Additionally, the adsorbed organic molecules may eventually dissolve or 

disintegrate, reducing the surface coverage and, hence, decreasing the inhibitory efficiency. 

The addition of potato peel extract considerably lowers the corrosion rate of CS A283  



in 2.0 M HCl solution, with the inhibition effect becoming more pronounced as the extract 

concentration increases. This effect is caused by the increased availability of active molecules at 

higher concentrations, which enhances their adsorption onto the steel surface and produces a 

more resistant and denser. The finding that the inhibition efficacy rises with increasing extract 

amount thus confirms the potato peel extract's efficacy as a corrosion inhibitor in acidic medium 

[34]. 

The molecular structures of the potato peel extract's active ingredients, which are rich in 

heteroatoms like N and O as well as conjugated π-electron systems and aromatic rings, are 

largely responsible for the extract's inhibitory effectiveness. Through donor-acceptor interactions 

between the unoccupied d-orbitals of iron atoms and the lone pair electrons of heteroatoms, these 

structural characteristics improve the extract molecules' capacity to adsorb firmly onto the steel 

surface. Furthermore, the adsorption process is further stabilized by π–d orbital interactions. This 

reduces the number of active corrosion sites and greatly inhibits both anodic metal dissolution 

and cathodic hydrogen evolution reactions by forming a protective adsorbed film that 

successfully isolates the steel surface from the aggressive HCl medium [35]. 

 

 

 

Figure (2): Effect of exposure time on the corrosion rate of CS A283 and inhibition efficiency of potato peel 

extract in 2.0 M HCl solution 
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Table (2): Variation of corrosion rate (CR, g·d⁻¹·cm⁻²) for CS A283 in 2.0 M HCl solution with 

and without extract at various concentrations and exposure durations at 298 K. 

Solution 

(ppm) 

1 (d) 2 (d) 3 (d) 4 (d) 5 (d) 6 (d) 7 (d) 

CR η CR η CR η CR η CR η CR η CR η 

Blank 0.42 - 0.88 - 1.17 - 1.24 - 1.25 - 1.26 - 1.27 - 

10 0.28 33.3 0.68 22.7 0.95 18.8 1.12     9.7       1.14 8.8 1.15 8.7 1.18 7.1 

50 0.22 47.6 0.52 40.9 0.81 30.8 1.02 17.7 1.08 13.6 1.11 11.9 1.13 11.0 

100 0.16 61.9 0.44 50.0 0.73 37.6 0.91 26.6 0.95 24.0 0.99 21.4 1.07 15.7 

150 0.13 69.0 0.35 60.2 0.62 50.5 0.75 39.5 0.78 37.6 0.80 36.5 0.92 27.6 

300 0.10 76.2 0.28 68.2 0.46 60.7 0.62 50.0 0.70 44.0 0.75 40.5 0.82 35.4 

400 0.08 80.9 0.20 77.3 0.39 66.7 0.50 59.7 0.55 56.0 0.60 52.4 0.74 41.7 

500 0.03 92.8 0.09 89.8 0.17 85.5 0.38 69.4 0.42 66.4 0.48 61.9 0.42 66.9 

 

3.2. Potentiodynamic polarization (PDP) measurements  

PDP curves of CSA283 in blank 2.0 M HCl solution and in the presence of varying 

concentrations of potato peel extract were recorded at a scan rate of 1.0 mV s⁻¹.The resulting 

polarization curves are displayed in Figure (3). The corrosion kinetic parameters, including 

corrosion potential (Ecorr), corrosion current density (icorr), anodic Tafel slope (βa) and cathodic 

Tafel slope (βc) deduced from these curves and are summarized in Table (3). 

The findings unequivocally demonstrate that raising the concentration of potato peel extract led 

to both a significant improvement in inhibitory effectiveness and a substantial decline in the rate 

of corrosion. The progressive increase in the number of inhibitor molecules in the solution, 

which promotes greater adsorption onto the CS A283 surface. As the surface coverage increases, 

a more compact and shielding absorbed coating is created, effectively blocking the active 

corrosion sites and limiting the engagement between the CS A283 and the aggressive acidic 

environment. The increasing quantity of inhibitor molecules in the solution, which encourages 

increased absorption on the surface of CS A283 leading to increased surface coverage and the 

formation of a denser and more effective absorbent layer, which inhibits active corrosion sites 

and reduces metal friction with corrosive acidic environments. 

Furthermore, analysis of the PDP curves reveals that each anodic and cathodic branch moves in 

the direction of lower current density values upon the addition of the extract. This behavior 

indicates that the potato peel extract operates as a mixed-type inhibitor, effectively reducing both 



the anodic steel dissolution and the cathodic hydrogen evolution reactions. The values of βc and 

βa for the extract under investigation demonstrate comparatively slight shifts toward more 

negative and more positive potentials. The Tafel slopes (βc and βa) had changed by 

approximately 5 mV dec⁻¹ and 3 mV dec⁻¹, respectively, when compared to the blank solution. 

These minor variations imply that the potato peel extract mostly operates as a mixed-type 

inhibitor, preventing both anodic and cathodic processes without significantly altering the 

corrosion mechanism. Furthermore, the values Ecorr.  remains nearly unchanged, showing a small 

displacement of about 34 mV compared to the blank solution. This limited shift further supports 

the conclusion that the potato peel extract acting as a mixed-type corrosion inhibitor [36]. 

The declining Icorr values and rising inhibition efficacy (IE%), reflect the potent inhibitive 

performance of the potato peel extract. This behavior can be attributed to the adsorption of the 

extract molecules onto the surface of CS A283, where they form a protective layer by occupying 

active sites. The presence of functional groups within the extract facilitates this adsorption 

process, thereby reducing the corrosion rate and enhancing the overall inhibition efficiency 

 

 

Figure (3): PDP curves of CS A283 without and with different extract concentrations in 2.0 M 

HCl solution, and at 298 K 
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Table (3): PDP parameters of CS A283 without and with different extract concentrations in 2.0 

M HCl solution, and at 298 K 

Solution 

(ppm) 

βc  

(mV/dec) 

βa 

(mV/dec) 

Ecorr  

(mV) 

icorr  

(mA /cm2) 

CR  

(mm/y) 
RP (Ω) ηPDP 

Blank -131 95 -919 751.13 99.27 0.32 - 

10 -133 96 -921 229.68 30.36 1.0 69.42 

50 -133 96 -916 161.12 21.29 1.5 78.55 

100 -134 97 -910 78.53 10.38 3.0 89.55 

150 -135 97 -907 67.66 8.94 3.5 90.99 

300 -135 98 -898 37.56 4.96 6.4 95.00 

400 -136 98 -890 29.05 3.84 8.3 96.13 

500 -136 98 -885 15.95 2.11 15.1 97.88 

 

3.3.Electrochemical impedance spectroscopy (EIS) measurements 

The EIS behavior of CS A283 in 2.0 M HCl is illustrated in Figure (4) using Nyquist and Bode 

diagrams, recorded both without the inhibitor and after the addition of certain concentrations of 

potato peel extract. Table (4) summarizes the corresponding EIS parameters, such as the solution 

resistance (Rs), the capacity of double layer (Cdl), and the charge transfer resistance (Rct), which 

represents the resistance to electron transfer at the steel/solution contact. The impedance data 

was also employed to determine the inhibitory efficacy (η) values. The lower chi-square (χ²) 

values, on the order of 10⁻⁴, reflect excellent alignment between the experimental data and the 

fitted model. The impedance parameters were derived by fitting the experimental spectra to the 

Randles equivalent electrical circuit, as seen in Figure (4).This circuit consists of the solution 

resistance (ܴ௦) connected in series with a parallel combination of the double-layer capacitance 

(𝐶ௗ௟) and the charge transfer resistance (ܴ௖௧).  



 

Figure (4): (a) Nyquist and (b) Bode diagrams (c) The equivalent circuit for CS A283 in blank 

2.0 M HCl solution and with varying concentrations of potato peel extract, at 298 K. 

The Nyquist impedance charts display depressed (non-ideal) semicircles rather than perfect ones. 

This behavior is often associated with frequency dispersion of the interfacial impedance, which 

is induced by surface heterogeneity, roughness, grain boundaries, adsorption of inhibitor 

molecules, formation of porous surface layers, and the existence of impurities or non-uniform 

electrode surfaces [37].  

The existence of semicircular profiles in the presence and absence of various  extract  concentrati

on implies that a charge transfer mechanism is primarily responsible for the corrosion process of 

CS A283 in 2.0 M HCl [38].Additionally, increased corrosion resistance is  indicated by the obse

rved rise in the capacitive loop's width with increasing extract concentration,  and gradual           

strengthening of a protective inhibitive layer on the steel surface. The diameter of the high-

frequency semicircle, which stands for the charge transfer resistance (Rct), and the double-layer 

capacitance (Cdl) are the two main characteristics that were taken from the Nyquist plots.A 

careful examination Table (4) reveals that raising the potato peel extract concentration causes a 

noticeable rise in charge transfer resistance (Rct), accompanied by an improvement in inhibitory 

efficiency (%η). This behavior is attributed to the adsorption of the extract on the steel /solution 

interface, resulting in the creation of a stable and protective film. Concurrently, as the 

concentration of extract increases, the Cdl values fall. This drop may be explained by the 

adsorbed extract gradually displacing water molecules, changing the interfacial structure and 

lowering the local dielectric constant at the steel/solution contact [39] . Consequently, the 

formation of this adsorbed layer improves surface coverage and corrosion protection 
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The Bode plots show that adding potato peel extract mainly affects the intermediate and low-

frequency regions. While the high-frequency response (linked to solution resistance, Rs) remains 

nearly unchanged, the impedance modulus (|Z|) increases with higher extract concentration. This 

increase reflects a rise in Rct, indicating that corrosion is suppressed as a protective adsorbed 

layer forms and hinders electron transfer at the steel/solution interface. Additionally, the 

widening of the phase-angle peak over a wider frequency range implies that the inhibitor film 

covers a larger portion of the surface and improves surface uniformity. This improved surface 

homogeneity reduces heterogeneity, limits the formation of localized corrosion sites, and 

strengthens the barrier properties of the protective layer. Furthermore, when the concentration of 

potato peel extract rises, the phase-angle peaks move to higher values and go closer to the ideal 

capacitor values (−90°), suggesting a more compact and orderly adsorption of extract molecules 

on the steel surface [40]. 

Overall, the Bode diagram confirms that higher concentrations of potato peel extract enhances 

stronger adsorption, leading to the building of a more stable and protective film. This results in 

enhanced corrosion inhibition efficiency by increasing the resistive and capacitive characteristics 

of the steel/solution interface. 

Table (4): EIS parameters of A283 carbon steel in blank 2.0 M HCl solution and in the existence 

of various concentrations of potato peel extract at 298 K. 

Solution 

(ppm) 
n Y0dl (μS.sN) Cdl (μF) RS (Ω) Rct (Ω) η 

Blank 0.87 9.9 114.1 4.91 11.52 - 
10 0.80 7.5 90.4 5.40 73.51 84.32 
50 0.85 6.0 81.3 5.61 97.27 88.15 
100 0.85 5.5 79.7 6.76 120.79 90.46 
150 0.86 4.9 66.4 8.67 125.35 90.81 
300 0.88 3.6 58.4 9.79 134.23 91.41 
400 0.86 2.4 47.2 10.77 161.05 92.84 
500 0.90 1.5 32.7 11.00 220.91 94.78 

 

 

3.4.  Assessment of corrosion kinetics under varying temperatures 

Temperature plays a crucial role in controlling both the corrosion rate and the adsorption 

characteristics of potato peel extract on the CS A283 surface. To assess its influence on 

inhibition performance, PDP measurements were conducted across a temperature range of 25 °C 

to 50 °C. Figure 5 presents the PDP curves of CS A283 in 2.0 M HCl solution at selected 



temperatures, both in the devoid of and including 500 ppm potato peel extract. Tables 5 

summarize the corresponding PDP parameters for CS A283 under the same conditions. 

  The PDP curves show comparable patterns at all examined temperatures, both with and without 

potato peel extract, according to an analysis of the findings. This consistency implies that the 

corrosion reaction mechanism is not much varied by either raising the temperature or adding the 

extract. This finding is further supported by the of Ecorr. , βa and βc values remain nearly constant 

under all investigated conditions [41]. 

 

Figure 5: PDP curves  of corrosion of CS A283 in blank and inhibited 2.0 M HCl with 500 ppm 

potato peel extract 

 

Analyzing this figure5 and table 5 reveal that the PDP curves, both with and without specific 

potato peel extract concentrations, show almost the same tendency at all examined temperatures. 

It implies that the corrosion reaction mechanism is unaffected by the temperature rise or the 

addition of the extract. The minimal variation in the Tafel slopes (βa and βc) and the nearly 

constant Ecorr further support this tendency [42]. 

In both uninhibited and inhibited solutions containing 500 ppm of the extract, it was noticed that 

the inhibition efficiency (η) values of potato peel extract diminished with rising temperature. 

This reduction implies that physical adsorption is the primary mechanism by which molecules of 

potato peel extract adhere to the metal surface. Lower protection efficiency results from the 

adsorbed inhibitor molecules becoming less stable and progressively desorbing from the surface 

as the temperature rises. Physisorption processes frequently exhibit this tendency [43]. 
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Table 5: PDP corrosion parameters of CS A283 in blank  2.0 M HCl solution and with500 ppm 

potato peel extract at different temperature 

 

The activation thermodynamic parameters, including the activation energy (Ea ), the enthalpy of 

activation (ΔH*) and the entropy of activation (ΔS*)  are determined  by applying the following 

Arrhenius and transition state equations [44,45]: 

 ݈݊ 𝐶ܴ  = (−ாೌோ் )  + ݈݊   (4)                           ܣ

 ݈݊ (஼ோ்)  = ( ݈݊ ( ோேಲ ℎ) + (∆ௌ∗ோ ))  − ∆ு∗ோ்                         (5) 

Fig. 6A illustrates the plots between log CR and 1/T for the corrosion of CS A283 steel in 2.0 M 

HCl solution, both in the absence and presence of varying concentrations of potato peel extract. 

The obtained plots exhibit linear behavior, confirming Arrhenius-type dependence.  From the 

slope of each straight line the values of  (Ea*) was determined and reported in Table 6. 

Furthermore, the thermodynamic parameters ΔH* and ΔS* were derived from the slope and 

intercept, respectively, of the linear plots of log (CR/T) versus 1/T (Fig. 6B) and reported in 

Table 6. The R2 values of the linear plots were around unity, signifying that the Arrhenius and 

transition state equation results fit the data well.These findings shed more light on the corrosion 

process and how the potato peel extract affects the system's thermodynamic behavior. 

 

 

 

Solution T (⁰C) βc  

(mV/dec) 

βa 

(mV/dec) 

Ecorr  

(mV) 

icorr  

(mA /cm2) 

CR  

(mm/year) 
RP (Ω) η 

Blank 

25 -133 96 -919 751.1 99.2 0.32 

- 
30 -133 96 -920 1498.7 198.0 0.16 

40 -133 97 -921 2990.2 395.2 0.08 

50 -134 97 -921 4739.3 626.3 0.05 

500 ppm 

25 -134 97 -854 15.9 2.1 15.18 97.88 
30 -134 98 -853 45.7 6.0 5.29 96.95 
40 -135 98 -850 127.6 16.8 1.90 95.73 
50 -135 98 -828 253.4 33.5 0.96 94.65 



 

Figure 6: PDP derived (A)Arrhenius and (B) transition state plots for corrosion of CS A283 in 

blank 2.0 M HCl and inhibited 2.0 M HCl with 500 ppm potato peel extract 

 

Table 6 demonstrates that the Ea values are higher when 500 ppm of potato peel extract is 

present. This increase in Ea indicates that the adsorbed potato peel extract molecules act as a 

barrier on CS A283 surface. The potato peel extract adsorbs physically onto the active sites of 

the CS A283 surface. These extract molecules likely contain π-electron systems and heteroatoms 

such as nitrogen and oxygen, which help in this adsorption process. This interaction increases the 

activation energy required for the corrosion reaction, making it more difficult to proceed. As a 

result, the system becomes more stable and shifts to a lower-energy state due to the development 

of a protective inhibitor layer. This layer reduces the thermodynamic favorability of corrosion 

and suppresses its progression. 

The positive values of ΔH imply that the corrosion process of CS A283 is endothermic .This 

suggests that energy input is required for the dissolution of the steel to occur. The presence of 

potato peel extract, this process becomes less beneficial, confirming that the extract effectively 

hinders the corrosion of CS A283 by increasing the energy required for the reaction. The 

negative values of ΔS* signify that the activated complex created during the rate-determining 

step is more ordered than the reactants. This signifies that randomness reduces as the reaction 

approaches the active stage. Additionally, the extract molecules are readily adsorbed onto the 

steel surface, replacing the water molecules at the steel/solution contact. This way contributes to 

the observed entropy changes and promotes the formation of a protective adsorbed layer on the 

steel surface [46].  
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The ability of potato peel extract molecules to adhere to the steel surface at high temperatures 

attributed to their functional groups is demonstrated by the change in the thermodynamic 

parameters. The structure of potato peel molecules reveals heteroatoms such as π electrons and 

nitrogen and oxygen atoms, which can give electrons to the steel's empty  d-orbitals and act as 

electrostatic attractors for the charged steel surface. 

 

Table 6. Thermodynamic activation functions for the corrosion of A283C steel in uninhibited 

and inhibited 2.0 M HCl solution including 500 ppm potato peel extract, obtained from PDP 

measurements. 

 Temp. CR Η 
Ea  

(kJ.mol-1) 

∆H*  

(kJ.mol-1) 

∆S*  

(J.mol-1.K-1) 

Blank 

298K 99.27 

- 27.12 24.54 -112.35 
303K 198.07 

313K 395.21 

323K 626.37 

     500 ppm 

298K 2.11 97.88 

45.58 43.00 -101.85 
303K 6.05 96.95 

313K 16.86 95.73 

323K 33.50 94.65 

 

3.5. Surface morphology,  

Scanning electron microscopy (SEM) provides important details on surface morphology, 

corrosion damage, and the effectiveness of corrosion inhibitors in addition to generating high-

resolution images. The resolution of SEM instruments ranges from less than 1 nanometer to 

several nanometers. In the present study, SEM micrographs of CS A283 immersed in 2.0 M HCl 

without an inhibitor show a severely degraded surface with pits, cracks, uneven corrosion 

products, and roughness. These features are typical of a strong acid attack, when the CS A283 

dissolves rapidly, leading to localized corrosion and significant surface heterogeneity. On the 

other hand, the SEM images of the CS A283 surface subjected to 500 ppm potato peel extract 

reveal a significantly smoother and more homogeneous morphology with a noticeable reduction 

in pits and cracks. This improvement implies that the extract adsorbs onto the CS A283 surface 



and forms a protective coating that serves as a physical barrier between the steel and the acidic 

medium as depicted in Figure (7)[47]. 

This adsorbed layer slows down the direct contact of H⁺ ions and aggressive chloride ions (Cl⁻) 

with the steel surface, thereby reducing the rate of steel dissolution. Furthermore, the inhibitor 

film likely blocks active corrosion sites and limits electron transfer reactions, which are essential 

for the corrosion process. The smoother appearance also suggests that the protective layer 

enhances surface homogeneity, lessens localized corrosion. 

Overall, the SEM analyses demonstrate that potato peel extract functions as an efficient 

corrosion inhibitor through adsorption and film development on the CS A283 surface, 

significantly supporting the electrochemical findings (such as higher charge transfer resistance 

and decreased corrosion rate). 

 

 

 

Figure (7): (a) SEM image for CS A283 in 2.0 M HCl solution. (b) SEM image for CS A283 in 

2.0 M HCl solution in the presence of 500 ppm potato peel extract 

 

3.6. Adsorption Isotherm  

Potato peel extract inhibits the corrosion of CS A283 in 2.0 M HCl solution through adsorption 

onto the steel surface. This adsorption process is promoted by the exchange of water molecules 

previously adsorbed at the steel/solution interface. The mechanism can be described as an 

exchange mechanism, in which extract molecules from the aqueous phase, [Extract (aq)] 

replaces y adsorbed water molecules, [H₂O (s)] on the steel surface. As seen in the subsequent 



equation, the displaced water molecules return to the bulk solution as [H2O (aq)] while the 

extract becomes adsorbed on the surface, [Extract (s)]. 

Extract (aq) + y H₂O (s)     →   Extract (s) + y H₂O (aq)                                     ( 6) 

Where, y is the amount of adsorbed water molecules substituted by a one extract molecule. 

The surface coverage values (θ) from PDP measurements were applied to multiple adsorption 

isotherm models to choose the most suitable adsorption isotherm for the adsorption process. The 

findings revealed that the adsorption of potato peel extract on the CS A283 surface obeyed the 

Langmuir adsorption isotherm. The applicability of this isotherm was confirmed by the excellent 

linear relationship obtained from the following Langmuir equation [48]: 

 ஼ఏ  =  ( 1௄ೌ೏ೞ) + 𝐶                               (7) 

where, Kads is  the equilibrium constant of adsorption process  

The standard free energy of adsorption ΔG°ads is calculated using the equation [49]: ܭ௔ௗ௦  = 1஼ಹ2ೀ ݌ݔ݁ (−௱ீೌ೏ೞ0ோ் )                         (8) 

where, R is universal gas constant, CH₂O is the concentration of water  

 The graphs between C/θ and C for the corrosion of CS A283 in a 2.0 M HCl solution with 

certain potato peel extract concentrations are presented in Fig8   . The resulting straight lines 

exhibited correlation coefficient (R2) values close to unity, confirming that the adsorption of 

potato peel extract on the CS A283 surface obeys the Langmuir isotherm.  The Kads was 

determined from the intercept of these plots. This behavior is ascribed to the adsorbed inhibitor 

molecules forming a protective monolayer on the CS A283 surface with zero interaction between 

the adsorbed species. The estimated values of Kads were identical to 0.09, whereas the determined 

values of ΔGads were -28.41 kJ mol-1. The negative result demonstrates that a potato peel extract 

spontaneously adhered to the CS A283 surface. It is commonly known that values of ΔGads less 

than -20 kJ mol-1 propose physisorption, while values more than -40 kJ mol-1 imply chemical 

adsorption of the inhibitor on the metal surface [50]. This prove that the adsorption of potato peel 

extract on the CS A283 surface is physically. As an outcome, the measured ΔGads value indicates 

that physical adsorption predominates in the adsorption of potato peel extract on the CS A283 

surface, with probable contributions from chemical adsorption. 



 

 

 

Figure (8): Langmuir isotherm for the adsorption of potato peel extract on CS A283 surface in 

2.0 M HCl solution 

 
 
 
3.7. Computational Quantum and Monte Carlo Investigation of Potato Peel Bioactive 

Molecules  
 

Chemical reactions frequently take place in solutions, and determining the structures and energy 

of molecules in solutions is essential for predicting reaction mechanisms using DFT calculations. 

Since water remains the major component of the solvent system, even in 2.0 M HCl solution compared 

with 55.5 M H₂O, the effect of HCl concentration can be considered negligible. Therefore, the DFT 

calculations were performed in both aqueous medium and vacuum conditions for comparison. 

Gaussian 09 gave us the quantum parameters of the optimized potato peel active molecules, to 

understand their reactivity in vacuum and in aqueous phase, Tables 9-11. With the help of χFe = 

4.06 eV and γFe = 3.81 eV, and depending on energy of the highest occupied molecular orbital 

(EHOMO), energy of the lowest occupied molecular orbital (ELUMO), the ionization potential (I) or 

-EHOMO, the electron affinity (A) or -ELUMO, the given quantum parameters such as the absolute 

electronegativity (χ), the global hardness (γ) and the number of transferred electrons (ΔN) were 

calculated using the following equations [51]: 
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ࡺ∆ =  (9)     (ࡹࢽ+ࢋࡲࢽ)૛ࡹ࣑−ࢋࡲ࣑

࣑ = ૛(࡭+ࡵ)       (10) 

ࢽ = ૛(࡭−ࡵ)       (11) 

EHOMO and ELUMO respectively, convey information about donating and accepting electrons. 

Also, the difference between them (ΔE) indicates how reactive is the tested molecule, as lower 

(ΔE) indicates for more reactive is the optimized molecule.. The number of transferred electrons 

(ΔN) gives us information about electron accepting or electron donation; as in the case of 3.6 > 

ΔN > 0, the optimized molecule is more likely to donate electrons, while in the case of ΔN < 0, 

the optimized molecule is more susceptible to accept electrons [52]. It is quite observable that 

the tested optimized molecules have ΔN more than zero and less than 3.6 (from 0.03 to 0.16) that 

these molecules can donate electrons to the empty d-orbitals on the steel surface. Furthermore, 

the EHOMO of these molecules is smaller than zero, implying that they can either receive 

electrons or physically adsorb on the Fe surface by electrostatic attraction[53]. 

Tables 9–11 display the amount of transferred electrons (ΔN) as follows:: α-Chaconine < Gallic 

acid < Caffeic acid < Quercetin < Chlorogenic acid < Petunidin. Also, the HOMO-LUMO gap 

(ΔE), the absolute electronegativity or the electron holding power (χ), and the global hardness or 

the electron cloud resistance against deformation under small electrical field perturbation (γ) are 

in the order: α-Chaconine > Gallic acid > Caffeic acid > Quercetin > Chlorogenic acid > 

Petunidin. This confirms that chlorogenic acid and petunidin have the highest ability for electron 

donation and hence highest adsorption tendency on steel surfaces, leading to more covering for 

metal surfaces and improved inhibition effectiveness [54, 55]. 

Figure 9 illustrates that the HOMO and LUMO densities of the five optimized potato peel 

molecules are distributed over the entire molecular structure, suggesting their ability to transfer 

electrons and form bonds with the steel surface .Furthermore, the regions of high electron 

density (red color) in the ESP maps are mainly concentrated around the O and N atoms, OH 

groups, C=O groups, and π-bonds, as expected. 

Figure 10 presents the top and side views of the adsorbed potato peel molecules on the Fe (110) 

surface obtained from Monte Carlo simulation. The findings indicate that the adsorption of these 

compounds is more favorable than that of the corrosive medium. The optimized molecules tend 

to migrate toward the steel/interface region and adopt a nearly horizontal orientation, leading to 



maximum surface coverage of the Fe surface. The calculated adsorption energies listed in Table 

11 range from −77.48 to −353.59 kcal/mol. These extremely negative values attest the 

spontaneous adsorption of the active potato peel molecules on the CS A283 surface via a 

combination of chemical and physical interactions. 
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Figure (9): ESP, HOMO and LUMO of the potato peel bioactive compounds 
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Figure (10): Monte Carlo simulation of the potato peel bioactive compounds 

 

 

Table (9): Vacuum quantum parameters of potato peel optimized molecules 

Parameters α-Chaconine Gallic acid Caffeic acid Quercetin Chlorogenic acid Petunidin 

EHOMO (eV) -5.91 -5.01 -4.82 -4.44 -4.20 -3.85 

ELUMO (eV) 0.70 -0.60 -0.62 -0.79 -0.80 -0.80 

∆E (eV) 6.61 4.41 4.19 3.65 3.39 3.05 

I (eV) 5.91 5.01 4.82 4.44 4.20 3.85 

A (eV) -0.70 0.60 0.62 0.79 0.80 0.80 

χ (eV) 2.61 2.81 2.72 2.61 2.50 2.32 

γ (eV) 3.31 2.21 2.10 1.82 1.70 1.53 

∆N (e) 0.10 0.10 0.11 0.13 0.14 0.16 

 

Table (10): Aqueous phase quantum parameters of potato peel optimized molecules 

Parameters α-Chaconine Gallic acid Caffeic acid Quercetin Chlorogenic acid Petunidin 

EHOMO (eV) -8.82 -6.00 -5.52 -5.27 -4.79 -3.97 

ELUMO (eV) 1.61 -1.23 -1.33 -1.53 -1.43 -0.69 

∆E (eV) 10.43 4.78 4.19 3.75 3.36 3.28 

I (eV) 8.82 6.00 5.52 5.27 4.79 3.97 

A (eV) -1.61 1.23 1.33 1.53 1.43 0.69 

χ (eV) 3.61 3.62 3.43 3.40 3.11 2.33 

γ (eV) 5.21 2.39 2.10 1.87 1.68 1.64 

∆N (e) 0.03 0.04 0.05 0.06 0.09 0.16 



 

Table (11): Monte Carlo measurements of adsorption simulation of potato peel optimized 

molecules on Fe (110) 

Energy (kcal/mol) α-Chaconine Gallic acid Caffeic acid Quercetin Chlorogenic acid Petunidin 

Eads -77.48 -111.46 -119.81 -152.90 -291.84 -353.59 

dEads/dNH2O -1.89 -1.91 -1.77 -1.84 -1.55 -1.84 

dEads/dNHCl -0.60 -0.50 -0.52 -0.45 -0.26 -0.46 

dEads/dNi -50.44 -84.07 -93.30 -126.84 -272.10 -327.65 

 

In conclusion, due to their substantial adsorption onto the surface of steel, the optimized main 

bioactive compounds found in potato peel show considerable promise as corrosion inhibitors. 

This adsorption process is facilitated by the transfer of electrons from the heteroatoms and π-

electron systems of the molecules to the vacant d-orbitals of the iron surface, in addition to the 

electrostatic pull between the polarized inhibitor molecules and the charged steel surface. The 

combination of physical and chemical interactions create a compact and stable protective 

adsorbed layer that successfully isolates the steel surface from the aggressive corrosive media 

and suppresses the rate of corrosion. The excellent inhibitory performance of potato peel extract 

is confirmed by the theoretical results derived from DFT and Monte Carlo simulations, which 

accord well with the experimental findings. 

3.8.Mechanism of inhibition 

Potato peel extract was investigated as a green corrosion inhibitor for CS A283 in a 2.0 M HCl 

solution. The extract substantially minimizes the rate of corrosion, according to results from both 

chemical and electrochemical measurements. The inhibitory impact is mainly caused by the 

adsorbing of extract's components to the steel surface,  creating a barrier that hinders the steel 

dissolution and suppresses electrochemical processes at the interface. The inhibitory mechanism 

is controlled by the interaction between the adsorbed molecules and the CS A283 surface, which 

is influenced by factors such as surface coverage, molecular structure, and electron-donating 

capacity. The extract contains several bioactive compounds, including -chaconine, chlorogenic 

acid, caffeic acid, petunidin, gallic acid, and quercetin. Numerous functional groups, such as 

hydroxyl and aromatic rings, improve these molecules' attraction for the steel surface and 

provide multiple adsorption sites [56]. Consequently, these components tend to adsorb primarily 

in a parallel orientation, which maximizes surface coverage and results in the creation of a 

compact and stable protective layer. This protective layer improves corrosion resistance by 



effectively separating the steel from the corrosive acidic medium.The inhibitory process was 

mostly accomplished through physical adsorption via electrostatic interactions between the 

potato peel extract molecules and the steel surface, according to both the experimental findings 

and quantum chemical predictions 

The mechanism of physisorption includes the creation  of a protective film on the CS A283 

surface through weak electrostatic interactions between the potato peel molecules and the 

charged steel surface. Unlike chemisorption, this process is generally rapid, reversible, and 

strongly influenced by temperature. The adsorbed potato peel molecules act as a physical barrier 

that blocks the active sites responsible for the anodic and cathodic corrosion reactions. The 

adsorption energy is typically lower than −40 kJ mol⁻¹, indicating relatively weak interactions 

between the potato peel molecules and the steel surface. As the temperature increases, the kinetic 

energy of the adsorbed species also increases, promoting desorption of the potato peel molecules 

and consequently reducing the inhibition efficiency. Moreover, because physisorption is 

reversible, a decrease in potato peel extract concentration in the corrosive HCl solutions may 

lead to partial or complete removal of the protective layer. In contrast to chemisorption, which 

commonly forms a stable monolayer, physisorption may allow the formation of multilayer 

adsorption on the metal surface [57]. 

Polarized potato peel molecules or protonated species are electrostatically attracted to the 

charged steel  surface. These adsorbed molecules are stabilized by weak intermolecular van der 

Waals forces on the steel surface. As the potato peel molecules eventually replace the water 

molecules that were initially adsorbed at the steel/solution interface, a protective adsorbed layer 

develops.This layer obstructing both anodic and cathodic active sites, thereby reducing the 

corrosion current and suppressing the corrosion process. The adsorption process occurs 

spontaneously as the system tends to attain a lower energy state through adsorption at the 

HCl/steel interface, resulting in a decrease in ΔGads, typically around −20 kJ mol⁻¹, which is 

characteristic of physical adsorption [58].CS A283 is is highly reactive in HCl solution. The 

existence of carbon and surface heterogeneities create active sites that accelerate the corrosion 

process. Cl ions from the acid are smaller and more mobile than the bulky potato peel molecules, 

allowing them to rapidly approach and adsorb onto the steel surface. These chloride ions interact 

with the vacant 3d orbitals of iron atoms, producing an excess negative charge at the steel 

/solution interface. 



     In acidic media, the potato peel molecules become protonated after accepting H+ ions from 

the solution. The positively charged protonated species are then electrostatically attracted to the 

negatively charged surface already enriched with adsorbed chloride ions. Consequently, 

adsorption occurs mainly through physical adsorption, where electrostatic interactions stabilize 

the inhibitor layer on the steel surface. This adsorbed protective film blocks both anodic and 

cathodic active sites, thereby reducing the corrosion rate.Once the inhibitor molecules approach 

the CS A283 surface, their nucleophilic centers can displace previously adsorbed water or acid 

molecules and form a more stable adsorbed layer on the metal. In addition, some vacant 3d 

orbitals of iron atoms generate positively charged or electrophilic centers on the steel surface, 

which promote the attraction of polarized inhibitor molecules. Even in the absence of strong 

chemical bond formation, these vacant orbitals facilitate dipole–dipole interactions between the 

potato peel molecules and the metal surface, allowing the molecules to remain adsorbed on the 

steel through physical interactions. The active constituents of Potato Peel extract contain 

aromatic benzene rings, π-electron systems, and lone-pair electrons on oxygen atoms. These 

structural features increase the electron density and adsorption tendency of the molecules. 

Therefore, the inhibitor molecules adsorb strongly onto the electrophilic sites at the steel/solution 

contact, lowering the overall energy of the system and enhancing the corrosion protection 

efficiency. 

 

Figure (11): Adsorption of polarized potato peel molecules onto the empty and the chloride-

covered 3d orbitals of the CS A283 surface 

 



Conclusion 

Potato peel was successfully extracted using alcohol, and the structure of its bioactive 

components was confirmed by mass spectroscopy, FT-IR, 1H NMR, and 13C NMR 

investigations. Using chemical and electrochemical methods, the potato peel extract was 

evaluated as a corrosion inhibitor for CS A283 in a 2.0 M HCl solution. The outcomes 

demonstrated that the extract had good corrosion prevention performance. At lower temperatures 

and with increasing extract concentration, the inhibition efficiency increases. The extract's 

spontaneous adsorption onto the CS A283 surface is responsible for its inhibitory effectiveness. 

It was discovered that the Langmuir adsorption isotherm governed the adsorption process. 

According to the DFT computation, petunidin and chlorogenic acid have the highest electron-

donating capacity and, as a result, the greatest propensity for adsorption onto the steel surface, 

leading to superior corrosion inhibition efficiency. 

 

 

Data availability 

The datasets used and analyzed during the current study are available from the corresponding   

author on reasonable request. 
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