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Abstract: This review focuses on the corrosion of copper and copper alloys in 

aggressive environments and the corrosion inhibitors used to remedy this problem. 

Indeed, the main objective of this study is to explore copper resistance when it is in 

contact with corrosive environments and the inhibitors used in these environments to 

protect this metal. The literature is reviewed to assess the corrosion inhibition efficacy 

of organic inhibitors and their derivatives compared to inorganic inhibitors. In addition, 

the paper reviewed several results of using a combined organic and inorganic compound 

as corrosion inhibitors without forgetting the use of natural products. Understanding a 

particular inhibitor's maximum corrosion inhibition efficiency in a specific environment 

is crucial to selecting the most appropriate compound. 
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1. Introduction 

 Having good conductivity of electricity and heat is combined with strength, ductility, and excellent 

corrosion resistance, copper and its alloys (copper, nickel, bronze, brass, etc.) find a very wide of 

applications in the production of wire, sheets, and pipelines in electronic industries, marine industries, 

power stations, heat exchangers and cooling towers (Bouyanzer et al., 2004; Hamidah et al., 2021). 

Near about 30,000 documents on Scopus (Corrosion & Copper), the most cited paper (>3150 times) 

treated the chemical states in XPS analysis of metal oxides and hydroxides of Sc, Ti, V, Cu, and Zn 

(Biesinger et al., 2010). During manufacture, the use of a sulphuric acid solution to remove any 

undesirable products formed at the surface (oxidation films, incrustations, scale, etc.) to obtain a shiny 

final copper surface is generally accompanied by Corrosion of copper (Mzioud et al., 2020; Yoo et al., 

2020; Dahmani et al., 2017). Therefore, corrosion of copper can be retarded or stopped by the use of 

inhibitors (Fouda et al., 2022; Oukhrib et al., 2017; EL Mouaden & Bazzi, 2017; Zarrouk et al., 2013; 

EL Khadom & Yaro, 2011). 

Organic and inorganic inhibitors and natural extracts were used to avoid corrosion attacks and save 

time and money (Hossain et al., 2023; Zarrouk et al., 2012b; Bouklah et al., 2006). Antonijevic & 

Petrovic (2008) summarized the influence of compound structure, concentration, method of 
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application, and media that inhibitors use on inhibition efficiency.   he field of inhibitor studies has 

witnessed remarkable development in recent years. This is done by developing the theoretical aspect 

of the study.  Whether to enhance the experimental results or for a predictive study. This is particularly 

on the engineering of molecules with specific molecular properties that increase their corrosion-

inhibiting effectiveness under certain conditions.  This is what made many researchers  try to find 

models to predict the possibilities of newly synthesized compounds acting as corrosion inhibitors, 

combining theory and practical investigations. 

 

2. Inorganic inhibitors 

Inorganic inhibitors are substances designed to slow down or prevent unwanted chemical reactions, 

such as corrosion, particularly in metals. These inhibitors are composed of inorganic compounds, often 

derived from elements like phosphates, silicates, chromates, molybdates, and nitrates (Dueke‑Eze et 

al., 2022; Mo et al., 2017; Baach et al., 2022; Zehra et al., 2022). They protect materials by forming a 

thin layer on the surface or reducing the corrosive reaction rate. Depending on their chemical nature, 

they can either create a barrier that prevents corrosive substances from reaching the material or inhibit 

specific reactions, such as the oxidation of metals or the reduction of oxygen at the surface (Shweetha 

et al., 2024; Palanisamy, 2019). 

Chromates are highly effective inorganic inhibitors, though they pose significant environmental and 

health risks due to their toxicity. As a result, safer alternatives, like molybdates, are increasingly used. 

Phosphates and silicates are also common because they form protective layers without overly harming 

the environment. These inhibitors have broad applications in water treatment systems, protecting pipes 

and equipment, and paints and coatings that prevent rust on metal surfaces. In the oil and gas industry, 

inorganic inhibitors are vital for safeguarding pipelines and storage tanks, and in construction, they are 

used to protect steel reinforcements in concrete from corrosion. 

Despite their effectiveness, the environmental impact of specific inorganic inhibitors, mainly those 

containing chromates, has led to regulations and a shift towards more environmentally friendly 

alternatives. These inhibitors are essential for extending the lifespan of materials, but their selection 

must balance effectiveness with safety and environmental considerations. In literature, numerous 

inorganic inhibitors are used as corrosion inhibitors for copper in aggressive mediums. For example, 

Muñoz et al. (Muñoz et al., 2004) investigated three inorganic inhibitors on copper, nickel, and two 

copper–nickel in 850 g/L LiBr solution. Thus, the most effective protection is achieved by adding 

chromate to the 850 g/L LiBr solution, as the inhibition efficiencies of molybdate and tetraborate ions 

are comparatively low. Under the present experimental conditions, aggressive anions such as bromides 

significantly reduce the effectiveness of the less efficient inhibitors (molybdate and tetraborate) but not 

that of the more effective chromate. The study indicates that the nickel content influences the inhibiting 

properties in the alloy. Nickel enhances the overall corrosion resistance by shifting the free corrosion 

potential to more noble values and reducing corrosion current densities. In chromate and molybdate 

solutions, nickel broadens the passivation range and lowers the passivation current densities. Also, 

nickel's presence improves resistance to localized corrosion in bromide environments. 

Moreover, Toumiat et al. (Toumiat et al., 2016) investigated the Iodate inhibition mechanism on the 

copper surface. As a result, the electrochemical measurements using potentiodynamic polarization and 
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electrochemical impedance spectroscopy (EIS), along with chemical analysis via the weight-loss 

method, show consistent results. Notably, iodate maintains a stable % inhibition efficiency of 72% 

even after 16 days of immersion in aerated 0.5 M NaCl solution. In addition, the Molecular modeling 

and quantum chemical simulations reveal that the highest occupied molecular orbital (HOMO) is 

located on the oxygen atoms of the iodate molecule, indicating that these sites are preferred for 

electronic interaction with the metal surface. This observation suggests that the iodate molecule 

effectively adsorbs onto the Cu (110) surface, confirming its role in corrosion inhibition. In addition, 

Anadebe et al. (Anadebe et al., 2023) investigate the corrosion inhibition of Ce-MOF on copper in 

aqueous chloride environment. The findings of this paper revealed that Ce-MOF forms a compact 

coating on the Cu surface, mitigating metal degradation by enhancing surface coverage and blocking 

active sites. Electrochemical analysis showed improved impedance with increasing Ce-MOF 

concentration, confirming its role as an effective cathodic inhibitor. Additionally, XRD, FT-IR, and 

HR-TEM characterization validated the formation of Ce-MOF through a wet chemical method. Thus, 

they report that Ce-MOF is recommended as a potential corrosion inhibitor in chloride-rich marine 

environments. 

 
 Figure 1: Adsorption strength of Ce-based metal-organic framework (Ce-MOF) on copper 

(Anadebe et al., 2023) 

 Furthermore, there are metal-organic frameworks, such as Manganate—MnO4
–, chromate—CrO4

2–, 

molybdate—MoO4
2–, tetraborate— B4O7

2– and phosphate—PO4
3– that are useful as corrosion 

inhibitors in a different medium. In another paper, saber et al. (Anadebe et al., 2023) evaluate the 

behavior, inhibition efficiency, and corrosion mechanisms of inorganic corrosion inhibitors on copper-

based metals in a 0.5 M H₂SO₄ corrosive medium. As a result, polarization (PDP) and electrochemical 

impedance spectroscopy (EIS) results indicated that both inhibitors achieved high efficiencies at an 

optimal concentration of 10⁻³ M, with BiB-Ba0.2 reaching 91.2% efficiency and BiB-Ba0.6 achieving 

90.8% efficiency. Thus, the authors suggest that the inorganic compounds exhibit strong adsorption on 

copper substrates, functioning as mixed-type corrosion inhibitors. Further, XRD, FTIR, SEM/EDS, 

and AFM analyses confirmed that both inhibitors adsorb onto the copper surface, forming a protective 

layer that mitigates damage and corrosion of the metal.  

Inorganic inhibitors are typically classified as anodic or cathodic (Fateh et al., 2020; El Mouaden et 

al., 2018; Ashassi-Sorkhabi et al., 2004). Anodic inhibitors decrease the rate of anodic reactions and 

react with corrosive products to generate insoluble hydroxides and oxides. When their concentration 

exceeds a specific threshold, the corrosion current density surpasses the critical anodic current density, 

leading to metal passivation (Garg et al., 2023; Sedik et al., 2020; El Mouaden et al., 2018; Khaled et 

al., 2009). 

https://www.scopus.com/record/display.uri?eid=2-s2.0-85201411835&origin=resultslist&sort=plf-f&src=s&sid=e450fa13141191cd7e01993bfdc76d0b&sot=b&sdt=b&s=TITLE-ABS-KEY%28corrosion+and+copper+and+inorganic+inhibitor%29&sl=59&sessionSearchId=e450fa13141191cd7e01993bfdc76d0b&relpos=0
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Table 1. Previous studies of Inorganic inhibitors on copper alloy 

Inhibitor Metal/Alloy Medium Efficiency, E% Reference 

CrO4
2−  copper 850 g/L LiBr 78% Muñoz et al., 2004 

nickel 850 g/L LiBr 72% 

copper–nickel 850 g/L LiBr 26% 

MoO4
2− copper 850 g/L LiBr 1% 

nickel 850 g/L LiBr - 

copper–nickel 850 g/L LiBr 17% 

B4O7
2− copper 850 g/L LiBr 51% 

nickel 850 g/L LiBr - 

copper–nickel 850 g/L LiBr 59% 

IO3
- copper 0.5 M NaCl 72% Karima et al. 2016 

Ce-MOF Copper 3.5 wt.% NaCl 81% Anadebe et al., 2023 

BiB-Ba0.2 Copper 0.5 M H2SO4 91% Saber et al., 2024 

BiB-Ba0.6 Copper 0.5 M H2SO4 90% 

3. Organic inhibitors 

Thousands of published papers have used organic compounds as inhibitors (OCIs) for copper and its 

alloys during these last decades. OCIs generally act on both the anodic and cathodic branches, 

according to Langmuir, Temkin, Frumkin, etc. The nature of corrosion leading to Cu+ and/or Cu2+ 

facilitated the formation of a copper ion–inhibitor complex at the metal surface (Radi et al., 2022; Youda 

et al., 1990). However, many organic compounds, such as azoles, amines, Schiff bases, imidazolines, 

hydropyrimidines, amino acids, etc., are helpful corrosion inhibitors in acidic, neutral, and alkaline 

media. Depending on the structure, they act as a protective layer formed by physisorption in the metal/ 

electrolyte interphase or as an insoluble chelate barrier developed by chemisorptions, which avoid 

direct contact with the metal/alloy with the aggressive media. The ability of an organic molecule to 

inhibit metal corrosion depends on several factors, and some of them are shape, branching or 

conformation, aromaticity, conjugation, bond strength to the metal substrate, the presence of nitrogen, 

oxygen, and or sulfur atoms, and several bonding groups or atoms. Temperature, pH, and stability in 

the aggressive media are also factors related to the efficiency of the inhibitor. As can be seen from 

Table 2, Ech-chibi et al. (Ech-chibi et al., 2023) examine the corrosion resistance copper alloy in 1 M 

HCl containing a novel imidazothiazole derivative. The inhibitor achieved high inhibition efficiencies 

of 96.9% (Cu) at 10⁻⁴ M concentration, forming a protective layer on the metal surfaces. Corrosion 

resistance improved with longer immersion times. SEM, EDX, and DFT calculations confirmed 

adsorption via aromatic rings and N, O, and S atoms, while MD simulations revealed stronger 

adsorption on the copper surface. 

Moreover, another molecule of this derivative was investigated by Salim et al. (Salim et al., 2024). They 

evaluated the corrosion inhibition behavior of the Imidazothiazoles molecule on copper using 

electrochemical techniques, surface analysis, and theoretical approaches. This inhibitor showed high 

efficiencies (97% for Cu) at a concentration of 10⁻⁴ M. They also reported that the adsorption 

mechanism followed the Langmuir isotherm model and indicated mixed-type inhibition. Theoretical 

studies, including DFT calculations and molecular dynamics, supported the experimental findings and 

confirmed the strong adsorption on metal surfaces. Furthermore, Luo et al. (Luo et al., 2022) synthesized 
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a novel pyridazine derivative (EPD) and evaluated it as a corrosion inhibitor for copper in 0.5 M H₂SO₄. 

The inhibitor performed well by adsorbing on the copper surface through N-Cu and Cu-S bonds. 

Inhibition efficiency increased with higher EPD concentrations but slightly decreased at elevated 

temperatures. EPD followed the Langmuir isotherm model and showed mixed adsorption behavior. 

Indeed, they report that EPD adsorption follows the Langmuir isotherm model, indicating a mixed 

adsorption mode based on chemical interactions. Quantum chemical calculations identify the 

pyridazine ring as the active adsorption center, with N and S atoms in the HOMO orbital donating 

electrons to form stable covalent bonds with copper. 

 

Different bases were applied as corrosion inhibitors for copper in the sulfuric medium. For example, 

Zeng et al. (Zeng et al., 2022) investigate the corrosion resistance mechanisms of two piperazine 

derivatives on copper in 0.5 M H₂SO₄ using electrochemical methods, surface analysis, and theoretical 

calculations. This study found that CBP and BP are cathodic inhibitors with excellent anti-corrosive 

properties, achieving 97.40% and 95.26% inhibition efficiency, respectively, at 5 mM. XPS analysis 

revealed that CBP formed additional Cl-Cu bonds, enhancing its performance over BP. Theoretical 

calculations further confirmed that the Cl atom in CBP binds to copper's vacant orbitals, resulting in 

stronger adsorption and improved corrosion resistance. In the adsorption mechanism explanation, both 

inhibitors exhibit mixed adsorption, forming electrostatic interactions (physisorption) and coordination 

bonds (chemisorption) between N atoms and Cu. CBP has additional Cl atoms compared to BP, 

forming Cl-Cu bonds and allowing CBP to align more parallel to the copper surface. This results in 

stronger adsorption and better corrosion resistance for CBP than BP.  

In another study, Zhou et al. (Zhou et al., 2021) evaluated the corrosion inhibition and adsorption 

mechanisms of two phenothiazine drugs (CPZ and PPZ) on copper in 0.5 M H₂SO₄. The 

electrochemical tests demonstrated that both inhibitors effectively reduce metal corrosion, with CPZ 

showing higher efficiency at an optimal 400 mg/L concentration. In addition, the FTIR and XPS 

characterizations were performed, and the formation of N-Cu and S-Cu bonds was confirmed. Also, 

the authors report that both inhibitors follow Langmuir isotherm adsorption with a mixed physical and 

chemical adsorption mode. However, the theoretical calculations validated the experimental findings, 

highlighting that electron-rich regions enhance adsorption and corrosion resistance on copper.  

The application and study of corrosion inhibitors have been explored for a long time, highlighting their 

significance in preventing metal degradation and extending the lifespan of materials. Their 

development has evolved to include various inhibitors tailored for different metals and environments, 

demonstrating their critical role in industrial applications. As Table 2 shows, several molecules were 

applied as corrosion inhibitors for copper in several media. For example, Oukhrib et al. (Oukhrib et 

al., 2017) studied chitosan biopolymer in a 3% NaCl medium, whereas Dafali et al.  (Dafali et al., 

2002) studied the anticorrosive properties of five molecular structures of bipyrazole derivatives. In the 

HCl medium, El Issami et al. (El Issami et al., 2007) studied two triazoles in an HCl medium, and Ting 

Qin et al. (Ting Qin et al., 2011) studied thiadiazole. Zhang et al. investigated the Intramolecular 

synergistic effect of glutamic acid, cysteine, and glycine (Zhang et al., 2011). Several studies on copper 

using different derivatives were employed in nitric acid. For example, zarrouk et al. (Zarrouk et al., 

2012) evaluated a triazole molecule anti-corrosion activity for copper in nitric acid with a 10-2 M 

concentration. Also, other studies were investigated by the same author in 2011 using a Quinoxaline 
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basis (Zarrouk et al., 2011). These studies report that these derivatives acted as effective corrosion 

inhibitors for copper in a 2M nitric acid solution. 

Table 2. Previous studies of inorganic inhibitors on copper alloy 

Inhibitor derivatives Inhibitor 

concentration 
Medium 

Efficiency, 

E% 
Reference 

 

10‒4 M 1 M HCl 97% 
Ech-chihbi et al., 

2023 

 

10‒4 M 1 M HCl 97% 
Salim et al., 

2024 

  

0.4 mM 
0.5 M 

H2SO4 
94% Luo et al., 2021 

 0.5 mM 

 

0.5 M 

H2SO4 

97% 

Zeng et al., 

2022. 

 

95% 

 
400 mg/L H2SO4 

94% 

Zhou et al., 2020 

 

97% 
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1000 ppm NaCl 83% 
Oukhrib et al., 

2017 

 10‒2 M 
0.5 M 

HCl 

85% 

El Issami et al., 

2007 

 

80% 

 

10‒2 M 2M HNO3 86% 
Zarrouk et al., 

2012 

 

7.5 mM 
0.5 M 

HCl 
84% 

Ting Qin et al., 

2011 

 

10 mM 
0.5 M 

HCl 
94% 

Zhang et al., 

2011 

 

10−3 M. 

 
2M HNO3 

90% 

Zarrouk et al., 

2011 

 

88% 

 

77% 

 

10−3 M 
0.1 M 

HNO3 
97% 

Mihit et al., 

2010 & 2006 
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94% 

 

10−3 M. 

 
NaCl 

bipy1: 98% 

Dafali et al., 

2002 

bipy1: 98% 

bipy1: 97% 

bipy1: 92% 

bipy1: 93% 

 

4. Combined Organic-Inorganic inhibitors 

It’s also important to mention that inhibition protection can be ensured by more than one inhibitor, 

such as adding halide ions (I-, CI-, Br-…). Generally, the synergistic effect between organic compound 

and halide ion interprets the inhibition process. The synergistic effect is significant because it describes 

how the combined action of two or more agents can produce a more substantial impact than the sum 

of their individual effects. Ionic liquids have gained significant attention in recent decades due to their 

diverse physics, chemistry, and engineering applications. Recent research has explored ionic liquid-

based nanomaterial composites and highlighted their enhanced stability and utility when combined 

with nanoconfined materials. As Verma et al. reviewed in their paper, the physical and chemical 

properties of ionic liquids and their various applications, mainly as lubricants (Verma et al., 2022). The 

ionic liquid characteristics are precious in fields like chemistry and material science, where they can 

enhance the effectiveness of corrosion inhibitors. By understanding these interactions, the performance 

of corrosion molecular structures can be improved in various applications. Many papers examined 

several ionic liquids as corrosion inhibitors in different metals and other mediums, such as El-Hajjaji 

et al., 2023a &b, Nahlé et al., 2022. Several corrosion inhibitors were regrouped in Table 3 for the 

copper metal, indicating their experimental condition and inhibition behavior.  

For example, Wang et al. developed a mixed-type corrosion inhibitor by complexing a Ni²⁺cation with 

a tertiary amine (1-dimethylamino-2-propanol) and applying it as a corrosion inhibitor of copper in an 

alkaline solution. The findings indicate that introducing the mixed-type inhibitor (Ni²⁺-1-

dimethylamino-2-propanol) enhances the polarization resistance of the copper surface, achieving an 

inhibition efficiency of 48%, compared to 25% for the cation-free inhibitor (1-dimethylamino-2-

propanol). This increased efficiency is attributed to the mixed inhibitor's stronger adsorption on the 

copper surface, as validated by X-ray photoelectron spectroscopy analysis and quantum chemical 

calculations. In another paper, Sun et al. (Sun et al., 2024) incorporated into an ionic liquid monomer 

a vinyl and carboxyl functional groups to create a polymerized carboxylic acid ionic liquid 

(P[CPVI]Cl). This structure exhibited an inhibition efficiency of 88.28% in 0.5 mol·L⁻¹ H₂SO₄ at 200 

mg·L⁻¹, which is significantly higher than [CPVI]Cl's 66.56%. So, they explain this increase by 

stronger interactions and more excellent surface coverage. Moreover, they report that the P[CPVI]Cl 

and I⁻ ion combination synergized, achieving an inhibition efficiency of 98.83%. The I⁻ ions act as a 

bridge, forming a protective film that enhances corrosion resistance. This study offers an approach for 

developing high-performance corrosion inhibitors. Before this in 2019, Feng et al. (Feng et al., 2019) 

studied the synergistic corrosion inhibition performance of 3,3′-Diethylthiadicarbocyanine iodide (DI) 
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and Thioflavin T (TT) for copper in 0.1 M HCl solution using electrochemical methods, weight loss 

tests, and SEM analysis. Also, they employed X-ray photoelectron spectroscopy (XPS) to explore the 

inhibition mechanism between the anions and cations of the ionic liquid. Indeed, as a result, they report 

that the inhibitor molecules interacted with copper to form a protective film, inhibiting corrosion 

through both physical and chemical adsorption and that the organic cations and halogen ions exhibited 

synergistic corrosion inhibition.  

 

Table 3. Previous studies of synergistic effect used to protect the copper alloy 

Inhibitor Inhibitor 

concentration 

Medium Efficiency 

E% 

Reference 

  

0.54 (wt.%) KOH 48% Wang et 

al., 2024 

  

100 mg/L 

5KI=14.4 mg/L 

0.5M H2SO4  98% 

 

Sun et al., 

2024 

 

100 mg/L 

KI=14.4 mg/L 

93% 

 

TT 4mM 0.1 M HCl 92% Feng et 

al., 2019 

 

DI 

 

96% 

 

40 mg/l  0.5 M H2SO4  92.8 Li et al., 

2020 

 

10 mM 

10 mM 

 0.5 M H2SO4 99% Solmaz et 

al., 2011 
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In more detail, in a corrosive environment, halide ions enhance the adsorption ability of organic cations 

by forming interconnecting bridges between the negatively charged metal surface and the organic 

inhibitor, thereby significantly boosting the inhibition efficiency of organic compounds. The 

synergistic effect of halide ions follows the I⁻ > Br⁻ > Cl⁻ order, with iodide providing the most 

substantial impact due to its larger ionic radius and high polarizability. So, the adsorption of halide 

ions renders the copper surface positively charged, facilitating the physical adsorption of organic 

cations through electrostatic interactions. Concurrently, the inhibitor molecules can chemically react 

with copper to form coordination bonds, resulting in chemical adsorption. This combined 

physicochemical adsorption process forms a protective film on the copper surface, shielding it from 

corrosive ions. The synergism between halide ions and the anions of ionic liquids further enhances the 

protection of copper against corrosion. 

In 2020, Li and their collaborators (Li et al., 2020) examined the corrosion inhibition performance of 

Losartan Potassium (LP)on copper in 0.5 M H₂SO₄ using electrochemical methods, surface 

morphology, and quantum chemical calculations. As a result, they found that LP functions as a mixed-

type inhibitor, effectively suppressing both cathodic and anodic reactions by forming a protective film 

that follows the Langmuir adsorption model, primarily through chemisorption. From XPS analysis, 

they confirm the formation of a coordination compound between the nitrogen atoms in LP and copper. 

Moreover, this observation was confirmed by the Quantum chemical calculations, which identified the 

active sites on the nitrogen atoms. 

 Additionally, a paper by Solmaz demonstrated that Rhodamine (Rdn) molecules and iodide ions (KI) 

exhibit a robust synergistic inhibition effect on copper corrosion in 0.5 M H₂SO₄ solution. Rdn’s 

inhibition efficiency increased with concentration, and adding KI significantly enhanced this effect. 

Potentiodynamic polarization revealed that Rdn and Rdn + KI inhibit both anodic dissolution and 

oxygen diffusion, with adsorption following the Langmuir isotherm and an adsorption energy of 

approximately −40 kJ mol⁻¹, indicating chemical adsorption. SEM and EDX analyses confirmed the 

formation of CuI(k) particles and a smoother surface in the presence of inhibitors. The study highlights 

the adequate corrosion protection the Rdn and KI combination provides(Solmaz et al., 2011). 

The inhibition of the dissolution of copper in HNO3 solution has been studied by the thermometric 

technique in the presence of amino compounds and Cl-. The results obtained by El-Kot & Al-Suhybani, 

(1987) show that the dissolution of copper in HNO3 is retarded. The synergistic of organic compound 

and halide ion is widely studied by several authors (Bouklah et al., 2006; Sisso et al., 2020) 

5. Natural extract inhibitors  

Plant extracts are emerging as effective corrosion inhibitors due to their eco-friendly, biodegradable, 

and non-toxic properties. They offer a cost-effective alternative to synthetic inhibitors, often utilizing 

agricultural waste or by-products. The diverse chemical composition of plant extracts, containing 

compounds like alkaloids and flavonoids, enables them to adsorb onto metal surfaces and form 

protective films that prevent corrosion. These inhibitors were investigated in several metals, such as 

mild steel (Adil Mahraz et al., 2024; Marsoul et al., 2023; Fernine et al., 2022; Hbika et al., 2023; 

Lazrak et al., 2020) and aluminum (Chaudhary et al., 2022; Emembolu et al., 2022Nambiar et al., 

2021) besides the copper alloy. Moreover, these extracts can be tailored to various environments, such 
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as acidic or saline conditions, making them versatile for industrial applications. Their non-toxic nature 

reduces health risks and safety concerns, making them safer. Overall, plant extracts present a 

sustainable and efficient solution for corrosion protection. Each of the thousands of uses employs a 

combination of these properties to help ensure that the material is ideally suited for the purpose. Good 

conductivity of electricity and heat is combined with strength, ductility, and excellent corrosion 

resistance, just a few of the properties of copper and its alloys (Mao et al., 2024). 

 Several studies investigated copper using plant extract as a corrosion inhibitor in different media. For 

example, Wang et al. (Wang et al., 2023) used natural plants as a source for extracting corrosion 

inhibitors is consistent with the principles of environmentally sustainable development. They studied 

the corrosion inhibition properties and mechanisms of sycamore leaf extract (SLE) on copper in a 0.5 

M sulfuric acid solution. As a result, the electrochemical analysis demonstrated that SLE exhibited 

anti-corrosion solid performance. Also, the adsorption isotherm analysis indicated that the adsorption 

between the copper/solution interface at all temperatures involved a combination of physical and 

chemical interactions. They found that detecting Cu-N bonds on the copper surface after immersion in 

the SLE solution suggested that SLE formed a protective shield-like layer on the copper. However, 

molecular dynamics simulations revealed that the multi-anchor solid adsorption of SLE molecules was 

due to the presence of N and O atoms. In the same acidic solution, Gu et al. (Wang et al., 2023) explored 

the corrosion protection properties of Lycium barbarum leaf extract (LBL) on copper in 0.5 mol/L 

sulfuric acid using a water-based extraction method, and Xu et al. (Xu et al., 2022) utilized a water-

based extract from Leonurus japonicus Houtt leaves (LLE). Indeed, they found that these extracts 

exhibit the copper surface from the corrosion process. Also, they used puissant characterization 

techniques such as XPS. Before this, in 2021, Feng et al. (Feng et al., 2021) studied the anticorrosive 

effect of Veratrum root extract (VRE) on copper in H₂SO₄ using electrochemical tests and quantum 

chemistry calculations. So, the VRE showed excellent inhibition performance at various temperatures, 

reaching 97% efficiency at 200 ppm. However, Tafel analysis identified VRE as a mixed-type inhibitor, 

controlling both cathodic and anodic reactions. Moreover, they found that the quantum chemical 

calculations provided insights into the adsorption mechanism and the relationship between VRE's 

electronic structure of the studied compounds and its corrosion inhibition efficiency. 

The copper alloy was also applied in a hydrochloric acid solution, as Feng, Ahmed, and Krishnaveni 

investigated with their collaborators. Indeed, Feng et al. (Neagu et al., 2015) investigate the anti-

corrosion potential of Alchemilla vulgaris (ALV) extract on pure copper in 1 M HCl. The study 

employed weight loss experiments, potentiodynamic polarization tests, scanning electron microscopy 

(SEM), and electrochemical impedance spectroscopy (EIS) to assess the effectiveness of ALV. As 

results indicated, ALV significantly inhibited corrosion, increasing effectiveness at higher 

concentrations, and the inhibition occurs via the adsorption of ALV molecules on the copper surface, 

consistent with the Langmuir adsorption isotherm. This research highlights the potential of ALV 

extract as a natural corrosion inhibitor in industries utilizing pure copper. Ahmed et al. (Ahmed et al., 

2020) identified BPE as an effective green inhibitor for copper corrosion in 1 M HCl. The corrosion 

inhibition efficiency increased with BPE concentration, achieving 94.5% at the highest studied 

concentration of 7 g/L, with comparable results of 94.2% from weight loss measurements over 48 

hours. The adsorption of BPE on the copper surface fits the Langmuir isotherm model, indicating that 

it acts as a mixed-type corrosion inhibitor. XPS and FT-IR spectroscopy revealed that BPE's adsorption 

results from various components in the extract containing aromatic rings. These findings support the 
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potential use of BPE as a corrosion inhibitor for copper metal. In addition, Krishnaveni (Krishnaveni 

et al., 2014) identified PJ extract as effective in inhibiting copper corrosion in 1 M HCl solutions. It 

serves as a strong eco-friendly green inhibitor for copper in this medium. The inhibition efficiency 

increases with the concentration of the PJ extract, reaching 93% at a concentration of 1 g/L. However, 

the polarization studies indicated that PJ functions as a cathodic-type inhibitor. Additionally, they 

report that surface analysis techniques, including SEM, EDS, AFM, and FT-IR, revealed that copper 

dissolution is significantly reduced due to the adsorption of PJ molecules on the surface, which forms 

a protective film. 

The nitric acid solution was also investigated using several plants. For example, Fouda et al. (Fouda et 

al., 2018) investigated Moringa Oleifera extract (MOL) as a corrosion inhibitor for copper. It achieved 

an inhibition efficiency (%IE) of 89% at 0.300 mol L⁻¹. The extract adsorbs physically and 

spontaneously on the copper surface, following the Langmuir adsorption isotherm. Surface analysis 

confirmed the formation of a protective film on the copper surface, with strong agreement between 

weight loss and electrochemical measurement results. In another paper, Fouda et al. (Fouda et al., 2015) 

investigated Ceratonia siliqua extract, which was found to inhibit the corrosion of copper and brass in 

1 M nitric acid, confirmed by several techniques, such as weight loss, polarization, EIS, and EFM 

techniques. SEM and EDX analyses confirmed the surface protection. The extract acted as a cathodic 

inhibitor, decreasing efficiency as temperature increased. 

On the other hand, copper corrosion inhibition was also investigated when it was in contact with a 

seawater solution. For example, Rai et al. (Rai et al., 2023) focused on the effectiveness of a water 

extract of mint leaves (AEML) as a green corrosion inhibitor for copper in 0.5 M NaCl. The study 

found that AEML’s effectiveness increases with concentration through electrochemical measurements 

and surface imaging, achieving a maximum inhibition efficiency of 70% at 300 mg/L. Moreover, they 

found that the functional analysis using UV-visible and Fourier transform infrared spectroscopy 

confirmed the extract's properties, and the optical microscopy images demonstrated AEML's ability to 

protect copper in the saline solution. In addition, (Zdravković et al., 2023) BLE extract contains caffeic 

acid, quercetin-3-O-glucoside, and kaempferol-3-O-glucoside. The authors report that, at the highest 

BLE concentration (15 g/L), the corrosion mechanism on the surface is governed by charge transfer 

rather than diffusion. Indeed, the inhibition efficiency improves with increasing BLE concentration, 

achieving a maximum of 97.19% in 0.5 M NaCl at 15 g/L BLE. Adsorption of the inhibitor onto the 

Cu-DHP surface follows the Langmuir adsorption isotherm, and the Gibbs free energy values suggest 

that the adsorption process is spontaneous and driven by physical adsorption. Moreover, Fekri et al. 

(Fekri et al., 2022) studied Turnip peel extract (TPE) as a green corrosion inhibitor for copper in 3.5 

wt% NaCl solution, achieving a maximum inhibition efficiency of 91.2% at 20% v/v. However, the 

GC-MS analysis revealed that S, O, and N heteroatoms in the TPE form a protective layer on the copper 

surface. In another paper, Bazzi et al. (Bazzi et al., 2017) investigated Ziziphus lotus (wild jujube) as 

a corrosion inhibitor for copper. The effectiveness of the extracts was assessed through polarization 

methods and weight loss measurements, with surface morphology analyzed via SEM after immersion 

in both inhibited and uninhibited electrolytes. The results of this study demonstrated that the inhibitor 

significantly reduced the corrosion kinetics of copper, achieving an efficiency of 93% at 5 g/L, with 

increased effectiveness at higher concentrations.  
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Table 4. Previous studies of plant extract used to protect the copper alloy 

Natural Plant  Name Conc. Medium Efficiency Reference 

 

sycamore leaf 

 
400 mg/L 0.5 M H2SO4 91.7% 

Wang et al., 

2023 

 

Lycium 

barbarum leaf 

 

400 mg/L 0.5 M H2SO4 92.9% 
Gu et al., 

2023 

 

Leonurus 

japonicus Houtt 

 

400 mg/L 0.5 M H2SO4 90.9% 
Xu et al., 

2022 

 

Veratrum 

root extract 

 

200 mg/L 0.5 M H2SO4 97.5% 
Feng et al., 

2021 

 

Alchemilla 

Vulgaris 
7 g/L 1 M HCl 95.5% 

Neagu et 

al., 2015 

 

Bee pollen 

extract 

 

7 g/L 1 M HCl 94.5% 
Ahmed et 

al., 2020 

 

Zizyphus Lotuse - 

pulp of Jujube  
1 g/L 1 M HCl 93.1% 

Krishnaveni 

et al., 2014 

  

Moringa Oleifera 0.300 M 

 

1M HNO3 + 

H3PO4 

89% 
Fouda et 

al., 2018 

 

Ceratonia siliqua 

 
300 ppm 1M HNO3 

90% 

 

Fouda et 

al., 2015 

 

mint leaves 

 
300 mg/L 0.5 M NaCl 91.2% 

Rai et al., 

2023 

 

blackberry leaf 15 g/L 0.5 M NaCl 97.1 % 
Zdravković 

et al., 2023 
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Turnip peel 20% v/v 3.5 wt% NaCl 91.2% 
Fekri et al., 

2022 

 

Ziziphus lotus 5 g/L Sea Water 93% 
Bazzi et al., 

2017 

 

Conclusion 

Research on copper corrosion protection emphasizes the application of various inhibitors to prevent 

corrosion, particularly in harsh environments. Evaluating these inhibitors under different conditions 

enables the selection of efficient and cost-effective solutions for specific scenarios. Acidic and 

chloride-containing environments are noted to be particularly corrosive for copper. Therefore, current 

research aims to develop inhibitors that are not only effective and economical but also non-toxic and 

environmentally friendly. Future studies may prioritize the development of new organic or natural 

inhibitors and explore the synergistic effects of multi-component systems to improve copper 

protection. 

  

References 

Adil Mahraz M., Salim R., Loukili E.H., Assouguem A., Kara M., Ullah R., Bari A., Fidan H., Laftouhi 

A., Mounadi Idrissi A., Hammouti B. (2024) Exploratory evaluation supported by experimental 

and modeling approaches of Inula viscosa root extract as a potent corrosion inhibitor for mild 

steel in a 1 M HCl solution, Open Life Sciences, 19(1), 20220879. 

Ahmed R.K., Zhang S. (2020) Bee pollen extract as an eco-friendly corrosion inhibitor for pure copper 

in hydrochloric acid, Journal of Molecular Liquids, 316:113849. 

Aghzzaf A.A., Rhouta B., Rocca E., Khalil A., Steinmetz J. (2014). Corrosion inhibition of zinc by 

calcium exchanged beidellite clay mineral: a new smart corrosion inhibitor Corrosion Sci., 80, 

pp. 46-52, https://doi.org/10.1016/j.corsci.2013.10.037 

Anadebe V. C., Chukwuike V.I., Ajeev John Porsia, Padhmanathan Ponnusamy, Chandra Sekar 

Natarajan, Barik R.C. (2023), Insight into the corrosion inhibition of Ce-MOF on copper in 

aqueous chloride environment: From experimental validation to molecular-level prediction, 

Applied Surface Science Advances, 18, 2023, 100526, ISSN 2666-5239, 

https://doi.org/10.1016/j.apsadv.2023.100526 

Antonijevic, M.M., Petrovic, M.B. (2008), 3 Copper corrosion inhibitors. A review, International 

Journal of Electrochemical Science, 3(1), 1–28  

Ashassi-Sorkhabi, H., Hashemi, S.J.; Shadizadeh, S.R.; Shirazi, M. (2004), Comparison of corrosion 

inhibition effect of imidazole and benzimidazole derivatives on copper in 3. 5% NaCl solution. 

Mater. Chem. Phys., 87, 267–272 

Baach B., Ouakki M., Ferraa S., Barebita H., Cherkaoui M., Abderrazak Nimour, Guedira T. (2022), 

Experimental evaluation of new inorganic compounds based on bismuth oxide Bi2O3 as 

corrosion inhibition for mild steel in acidic medium, Inorganic Chemistry Communications, 

137, 109233, ISSN 1387-7003, https://doi.org/10.1016/j.inoche.2022.109233  

https://doi.org/10.1016/j.corsci.2013.10.037
https://doi.org/10.1016/j.apsadv.2023.100526
https://doi.org/10.1016/j.inoche.2022.109233


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1397 

 

Biesinger, M.C., Lau, L.W.M., Gerson, A.R., Smart, R.S.C. (2010), Resolving surface chemical states 

in XPS analysis of first row transition metals, oxides and hydroxides: Sc, Ti, V, Cu and Zn, 

Applied Surface Science, 257(3), 887–898, DOI:10.1016/j.apsusc.2010.07.086 

Bouklah M., Ouassini K., Hammouti B., El Idrissi A. (2006), Corrosion inhibition of steel in sulphuric 

acid by pyrrolidine derivatives, Appl. Surf. Sci., 252 N°6, 2178-2185 

Bouklah M., Hammouti B., Aouniti A., Benkaddour M., Bouyanzer A. (2006b). Synergistic effect of 

iodide ions on the corrosion inhibition of steel in 0.5 M H2SO4 by new chalcone derivatives, 

Applied Surface Science 252 (18), 6236-6242. 

Chaudhary S., Tak RK. (2022), Natural corrosion inhibition and adsorption characteristics of tribulus 

terrestris plant extract on aluminium in hydrochloric acid environment. Biointerface Res. Appl. 

Chem. 12(2), 2603-2617.  

Dafali A., Hammouti B., Touzani R., Kertit S., Ramdani A., Elkacemi K. (2002), Corrosion Inhibition 

of copper in 3% NaCl solution by new bipyrazolic derivatives, Anti-corros. Meth. & Mat., 

49N°2, 96-104. 

Dahmani K., Galai M., Cherkaoui M., El hasnaoui A., El Hessni A. (2017), Cinnamon essential oil as 

a novel eco-friendly corrosion inhibitor of copper in 0.5 M Sulfuric Acid medium, J. Mater. 

Environ. Sci, 8(S), 4679-4692 

Dueke‑Eze C.U., Madueke N.A., Iroha N.B., Maduelosi N.J., Nnanna L.A. (2022), adsorption and 

inhibition study of N-(5-methoxy-2- hydroxybenzylidene) isonicotinohydrazide Schiff base on 

copper corrosion in 3.5% NaCl, Egyptian Journal of Petroleum, 31, iss. 2, -37, doi: 

10.1016/j.ejpe.2022.05.001 

Ech-chihbi E., Salim R., Ouakki M., Koudad M., Guo L., Azam M., Benchat N., Rais Z., Taleb M. 

(2023), Corrosion resistance assessment of copper, mild steel, and aluminum alloy 2024-T3 in 

acidic solution by a novel imidazothiazole derivative, Materials Today Sustainability, 24, 

100524, ISSN 2589-2347, https://doi.org/10.1016/j.mtsust.2023.100524 

El-Hajjaji F., Salim R., Messali M., de Yuso M.V., Rodríguez-Castellón E., Almutairi S.M., Taleb M., 

Jodeh S., Algarra M. (2023a), Insights of corrosion inhibitor based in pyridinium ionic liquids, 

Arabian Journal for Science and Engineering, 48(6), 7755-70. 

El-Hajjaji, F., Ech-Chihbi, E., Salim, R., Titi, A., Messali, M., El Ibrahimi, B., Kaya, S.A.V.A.Ş. and 

Taleb, M. (2023b), A detailed electronic-scale DFT modeling/MD simulation, electrochemical 

and surface morphological explorations of imidazolium-based ionic liquids as sustainable and 

non-toxic corrosion inhibitors for mild steel in 1 M HCl, Materials Science and Engineering: 

B, 289, 116232. 

El Issami S., Bazzi L., Benlhachemi A., Salghi R., Hammouti B., Kertit S. (2007), Triazolic compounds 

as corrosion inhibitors for copper in hydrochloric acid, Pigment and Resin Technology, 36 No 3, 

161-168. 

El-Kot A. M., Al-Suhybani A. A. (1987) Organic and inorganic corrosion inhibitors for copper in 

HNO3 studied by two methods. British Corrosion Journal. 22(1), 29-31. 

doi:10.1179/000705987798271848  

EL Mouaden K., Bazzi L. (2017), effect of sulfides addition in synthetic seawater solution on the 

corrosion of copper and its inhibition using the chitosan polymer, J. Mater. Environ. Sci., 8, Issue 

S,  4883-4890 

El Mouaden, K.; El Ibrahimi, B.; Oukhrib, R.; Bazzi, L.; Hammouti, B.; Jbara, O.; Tara, A.; Chauhan, 

D.S.; Quraishi, M.A. (2018), Chitosan polymer as a green corrosion inhibitor for copper in 

sulfide-containing synthetic seawater. Int. J. Biol. Macromol., 119, 1311–1323 

https://doi.org/10.1016/j.mtsust.2023.100524


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1398 

 

Emembolu L.N., Ohale P.E., Onu C.E., Ohale N.J. (2022), Comparison of RSM and ANFIS modeling 

techniques in corrosion inhibition studies of Aspilia Africana leaf extract on mild steel and 

aluminium metal in acidic medium, Applied Surface Science Advances, 11, 100316. 

Fateh, A., Aliofkhazraei, M., Rezvanian, A.R. (2020) Review of Corrosive Environments for Copper 

and Its Corrosion Inhibitors. Arab. J. Chem., 13, 481–544 

Fekri M.H., Omidali F., Alemnezhad M.M., Ghaffarinejad A. (2022), Turnip peel extract as green 

corrosion bio-inhibitor for copper in 3.5% NaCl solution, Materials Chemistry and Physics, 286, 

126150. 

Feng Y., He J., Zhan Y., An J., Tan B. (2021), Insight into the anti-corrosion mechanism Veratrum 

root extract as a green corrosion inhibitor, Journal of Molecular Liquids, 334, 116110. 

Feng L., Zhang S., Lu Y., Tan B., Chen S., Guo L. (2019), Synergistic corrosion inhibition effect of 

thiazolyl-based ionic liquids between anions and cations for copper in HCl solution, Applied 

Surface Science, 483, 901-11. 

Fernine Y., Salim R., Arrousse N., Haldhar R., El Hajjaji F., Kim SC., Touhami ME., Taleb M. (2022), 

Anti-corrosion performance of Ocimum basilicum seed extract as environmental friendly 

inhibitors for mild steel in HCl solution: evaluations of electrochemical, EDX, DFT and Monte 

Carlo, Journal of Molecular Liquids, 355, 118867. 

Fouda A.S., Ismail M.A., Khaled M.A., El-Hossiany A.A. (2022), Experimental and computational 

chemical studies on the corrosion inhibition of new pyrimidinone derivatives for copper in nitric 

acid. Scientific Reports, 12(1), 16089. doi: 10.1038/s41598-022-20306-4 

Fouda A. S., El -Dossoki F. I., El-Nadr H. A., El-Hussein A. (2018), Moringa oleifera plant extract as 

a copper corrosion inhibitor in binary acid mixture (HNO3 + H3PO4), Zastita Materijala 59, 422-

435 

Fouda A.S., Shalabi K., Idress A.A. (2015), Ceratonia siliqua extract as a green corrosion inhibitor for 

copper and brass in nitric acid solutions, Green Chemistry Letters and Reviews, 8(3–4), 17–29. 

Garg V., Sharma S. B., Zanna S., Seyeux A., Wiame F., Maurice V., Marcus P. (2023), Enhanced 

corrosion inhibition of copper in acidic environment by cathodic control of interface formation 

with 2-mercaptobenzothiazole, Electrochimica Acta, 447, 142162, ISSN 0013-4686, 

https://doi.org/10.1016/j.electacta.2023.142162  

Hamidah I., Solehudin A., Hamdani A., Hasanah L., Khairurrijal K., .. (2021). Corrosion of copper 

alloys in KOH, NaOH, NaCl, and HCl electrolyte solutions and its impact to the mechanical 

properties, Alexandria Engineering Journal 60 (2), 2235-2243 

Hbika A., Bouyanzer A., Jalal M., Setti N., Loukili E., Aouniti A., Kerroum Y., Warad I., Hammouti 

B., Zarrouk A.M. (2023), The Inhibiting Effect of Aqueous Extracts of Artemisia Absinthium 

L.(Wormwood) on the Corrosion of Mild Steel in HCl 1 M, Analytical and Bioanalytical 

Electrochemistry, 15(1), 17-35.  

Hossain N., Islam M. A., Chowdhury M. A. (2023), Advances of plant-extracted inhibitors in metal 

corrosion reduction – Future prospects and challenges, Results in Chemistry, 5, 100883, ISSN 

2211-7156, https://doi.org/10.1016/j.rechem.2023.100883  

Gu T., Xu Z., Zheng X., Fu A., Zhang F., Al-Zaqri N., Chen J., Tan B., Li W.(2023), Lycium barbarum 

leaf extract as biodegradable corrosion inhibitor for copper in sulfuric acid medium, Industrial 

Crops and Products, 203, 117181. 

Karima T., Abdenacer G. (2016), Electrochemical, Chemical and Theoretical Studies of Copper 

Corrosion Inhibition using Iodate Ions from Potassium Iodate as an Inorganic Inhibitor in 0.5 

M NaCl Solution. Moroccan Journal of Chemistry, 4(4). 

https://doi.org/10.1016/j.electacta.2023.142162
https://doi.org/10.1016/j.rechem.2023.100883


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1399 

 

Khadom A.A., Yaro A.S. (2011). Modeling of corrosion inhibition of copper-nickel alloy in 

hydrochloric acid by benzotriazole, Russian Journal of Physical Chemistry A 85, 2005-2012 

Khaled K.F., Fadl-Allah S.A., Hammouti B. (2009), Some benzotriazole derivatives as corrosion 

inhibitors for copper in acidic medium: Experimental and quantum chemical molecular 

dynamics approach, Mater. Chem. Phys., 117 N°1, 148-155. 

Krishnaveni K., Ravichandran J. (2014), influence of aqueous extract of leaves of Morinda tinctoria 

on copper corrosion in HCl medium, Journal of Electroanalytical Chemistry, 735, 24-31. 

Lazrak J., Salim R., Arrousse N., Echchihbi E., El-Hajjaji F., Taleb M., Farah A., Ramzi A. (2020), 

Mentha viridis oil as a green effective corrosion inhibitor for mild steel in 1 M HCl medium, 

International Journal of Corrosion and Scale Inhibition, 9(4), 1580-606.  

Luo W., Lin Q., Ran X., Li W., Tan B., Fu A., Zhang S. (2021), A new pyridazine derivative 

synthesized as an efficient corrosion inhibitor for copper in sulfuric acid medium: Experimental 

and theoretical calculation studies, Journal of Molecular Liquids, 341, 117370. 

Li H., Zhang S., Tan B., Qiang Y., Li W., Chen S., Guo L. (2020), Investigation of Losartan Potassium 

as an eco-friendly corrosion inhibitor for copper in 0.5 M H2SO4, Journal of Molecular 

Liquids, 305, 112789. 

Mao Q., Liu Y., Zhao Y. (2024), A review on copper alloys with high strength and high electrical 

conductivity, Journal of Alloys and Compounds, 990, 174456, ISSN 0925-8388, 

https://doi.org/10.1016/j.jallcom.2024.174456  

Marsoul A., Boukir A., Ijjaali M., Taleb M., Arrousse N., Salim R., Dafali A. (2023), Phytochemical 

characterization, antioxidant proprieties and electrochemical investigations of methanolic 

extract of Rubia tL roots for LC-steel corrosion protection in 1 M HCl medium, Journal of Bio-

and Tribo-Corrosion, 9(2), 32. 

Mihit M., Laarej K., Abou El Makarim H., Bazzi L., Salghi R., Hammouti B. (2010), study of the 

inhibition of the corrosion of copper and zinc in HNO3 solution by electrochemical technique 

and quantum chemical calculations, Arab. J. Chem, 3(1), 55-60. 

Mihit M., Salghi R., El Issami S., Bazzi L., Hammouti B., Ait Addi El., Kertit S. (2006), A study of 

tetrazoles derivatives as corrosion inhibitors of copper in nitric acid, Pigm. Resin Technol. 

35(3), 151-157, https://doi.org/10.1108/03699420610665184  

Mo S., Li L., Luo H., Li N. (2017), An example of green copper corrosion inhibitors derived from 

flavor and medicine: Vanillin and isoniazid, Journal of Molecular Liquids, 242, 822–830, doi: 

10.1016/j.molliq.2017.07.081  

Muñoz A.I., Antón J.G., Guiñón J.L., Herranz V.P. (2004), Comparison of inorganic inhibitors of 

copper, nickel and copper–nickels in aqueous lithium bromide solution, Electrochimica Acta, 

50(4), 957-66. 

Mzioud, K., Habsaoui, A., Ouakki, M. et al. (2020),  Inhibition of copper corrosion by the essential oil 

of Allium sativum in 0.5M H2SO4 solutions. SN Appl. Sci. 2, 1611, 

https://doi.org/10.1007/s42452-020-03393-8  

Nambiar N.K., Brindha D., Punniyakotti P., Venkatraman B.R., Angaiah S. (2021), Derris indica 

leaves extract as a green inhibitor for the corrosion of aluminium in alkaline medium, 

Engineered Science, 17, 167-75.  

Nahlé A., Salim R., Hajjaji FE., Ech-Chihbi E., Titi A., Messali M., Kaya S., El Ibrahimi B., Taleb M. 

(2022), Experimental and theoretical approach for novel imidazolium ionic liquids as Smart 

Corrosion inhibitors for mild steel in 1.0 M hydrochloric acid, Arabian Journal of Chemistry, 

15(8):103967. 

https://doi.org/10.1016/j.jallcom.2024.174456
https://doi.org/10.1108/03699420610665184
https://doi.org/10.1007/s42452-020-03393-8


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1400 

 

Neagu E., Paun G., Albu C., Radu G.L. (2015), Assessment of acetylcholinesterase and tyrosinase 

inhibitory and antioxidant activity of Alchemilla vulgaris and Filipendula ulmaria extracts, 

Journal of the Taiwan Institute of Chemical Engineers, 52, 1-6.  

Oukhrib R., El Issami I., El Ibrahimi B., El Mouaden K., Bazzi L., Bammou L., Chaouay A., Salghi 

R., Jodeh S., Hammouti B., Amin-Alami A. (2017), Ziziphus lotus as Green Inhibitor of Copper 

Corrosion in Natural Sea Water, Portugaliae Electrochim. Acta, 35(4), 187-200. 

Oukhrib R., El Ibrahimi B., Bourzi H., El Mouaden K., Jmiai A., El Issami S., Bammou L., Bazzi L. 

(2017), Quantum chemical calculations and corrosion inhibition efficiency of biopolymer 

“chitosan” on copper surface in 3%NaCl, JMES, 2017, 8 (1), 195-208  

Palanisamy, Geethamani. (2019) Corrosion Inhibitors. Corrosion Inhibitors. IntechOpen. 

doi:10.5772/intechopen.80542. 

Radi A., El Mahi B., Aouniti A., El Massoudi M., et al. (2022), Mitigation effect of novel bipyrazole 

ligand and its copper complex on the corrosion behavior of steel in HCl: Combined 

experimental and computational studies, Chemical Physics Letters, 795, 139532 

Rai S, Ji G. (2023) Corrosion inhibition of copper in NaCl solution by water extract of mint leaves, 

Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2023.10.134 

Saber I., Dahmani I., Kharbouch O., Aribou Z., Ferraa S., Alotaibi N.H., El-alouani M., Hsissou R., 

Al-Maswari B.M., Galai M., Touhami M.E, Zaroual A., El youbi M.S. (2024), Enhancing 

Copper Corrosion Resistance in Highly Caustic Environments: Evaluation of Environmentally 

Friendly Inorganic Inhibitors and Mechanistic Insights, International Journal of 

Electrochemical Science, 100815, 

Salim R., Ech-chihbi E., Fernine Y., Koudad M., Guo L., Berdimurodov E., Azam M., Rais Z., Taleb 

M. (2024), Inhibition behavior of new ecological corrosion inhibitors for mild steel, copper and 

aluminum in acidic environment: Theoretical and experimental investigation, Journal of 

Molecular Liquids, 393, 123579. 

Sedik A., Athmani S., Saoudi A., Ferkous H., Ribouh N., Lerari D., Bachari K., Djellali S., Berredjem 

M., Solmaz R., Alam M., Jeon B.H., Benguerba Y. (2020), Experimental and theoretical 

insights into copper corrosion inhibition by protonated amino-acids. RSC Adv.,12(36), 23718-

23735. doi: 10.1039/d2ra03535a. 

Shwetha KM, Praveen B.M., Devendra B. K. (2024), A review on corrosion inhibitors: Types, 

mechanisms, electrochemical analysis, corrosion rate and efficiency of corrosion inhibitors on 

mild steel in an acidic environment, Results in Surfaces and Interfaces, 16, 100258, ISSN 2666-

8459, https://doi.org/10.1016/j.rsurfi.2024.100258  

Sisso O., Dor S., Eliyahu D. et al. (2020) Corrosion inhibition of copper in ferric chloride solutions with 

organic inhibitors. npj Mater. Degrad. 4, 38, https://doi.org/10.1038/s41529-020-00139-0 

Solmaz R., Şahin E.A., Döner A., Kardaş G. (2011), The investigation of synergistic inhibition effect 

of rhodanine and iodide ion on the corrosion of copper in sulphuric acid solution, Corrosion 

Science, 53(10), 10, 3231-3240, https://doi.org/10.1016/j.corsci.2011.05.067  

Sun Y., Wang Y., Liu D., Pan S., Ma A., Kuvarega A.T., Mamba B.B., Gui J. (2024), Polymeric 

carboxylic acid functionalized ionic liquid as a green corrosion inhibitor: insights into the 

synergistic effect with KI, Colloids and Surfaces A: Physicochemical and Engineering Aspects, 

702:135157. 

Ting Qin T., Li J., Qun Luo H., M. Li, Bing Li N. (2011), Corrosion inhibition of copper by 2,5-

dimercapto-1,3,4-thiadiazole monolayer in acidic solution, Corrosion Sci., 53, 1072-1078  

https://doi.org/10.1016/j.matpr.2023.10.134
https://doi.org/10.1016/j.rsurfi.2024.100258
https://doi.org/10.1038/s41529-020-00139-0
https://doi.org/10.1016/j.corsci.2011.05.067


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1401 

 

Vahedi Nemani, A., Ghaffari, M., Sabet Bokati, K., Valizade, N., Afshari, E., Nasiri, A. (2024). 

Advancements in Additive Manufacturing for Copper-Based Alloys and Composites: A 

Comprehensive Review. J. Manuf. Mater. Process, 8, 54. 

https://doi.org/10.3390/jmmp8020054  

Verma D.K., Dewangan Y., Singh A.K., Mishra R., Susan M.A., Salim R., Taleb M., El Hajjaji F., 

Berdimurodov E. (2022), Ionic liquids as green and smart lubricant application: an overview, 

Ionics, 28(11):4923-32. 

Wang J., Cui L., Chen B., Chen X., Lv Z., Chen D., Qiang Y., Xiang T. (2023), Corrosion inhibition 

effect of sycamore leaf extract on copper in H2SO4 solution, Journal of Materials Research 

and Technology, 26, 6689-702. 

Wang Y.H., Lu C.H., Chou P.C., Wu B.E., Sil M.C., Chen C.M. (2024), Synergistic effect of metal 

cation and 1-dimethylamino-2-propanol on copper corrosion protection in alkaline solution, 

Journal of the Taiwan Institute of Chemical Engineers, 156:105322. 

Xu C., Tan B., Zhang S., Li W.(2022), Corrosion inhibition of copper in sulfuric acid by Leonurus 

japonicus Houtt. extract as a green corrosion inhibitor: Combination of experimental and 

theoretical research, Journal of the Taiwan Institute of Chemical Engineers, 139, 104532. 

Yoo K, Park Y, Choi S, Park I. (2020), Improvement of Copper Metal Leaching in Sulfuric Acid 

Solution by Simultaneous Use of Oxygen and Cupric Ions. Metals, 10(6), 721. 

https://doi.org/10.3390/met10060721  

Youda R., Nishihara H., unitsugu Aramaki K. (1990), Sers and impedance study of the equilibrium 

between complex formation and adsorption of benzotriazole and 4-hydroxybenzotriazole on a 

copper electrode in sulphate solutions, Electrochimica Acta, 35, Issue 6, 1011-1017, ISSN 

0013-4686, https://doi.org/10.1016/0013-4686(90)90036-Y 

Zarrouk A., Hammouti B., Touzani R., Al-Deyab S.S., Zertoubi M., Dafali A., Elkadiri S. (2011), 

Comparative Study of New Quinoxaline Derivatives Towards Corrosion of Copper in Nitric 

Acid, Int. J. Electrochem. Sci., 6 N°10, 4939-4952. 

Zarrouk A., Hammouti B., Al-Deyab S.S., Salghi R., H. Zarrok, C. Jama, Bentiss F. (2012), Corrosion 

Inhibition Performance of 3,5-Diamino-1,2,4-triazole for Protection of Copper in Nitric Acid 

Solution, Int. J. Electrochem. Sci., 7 N°7, 5997-6011. 

Zarrouk A., Messali M., Zarrok H., Salghi R., Al-Sheikh Ali A., B. Hammouti, Al-Deyab S. S., Bentiss 

F. (2012b), Synthesis, Characterization and Comparative Study of New Functionalized 

Imidazolium-Based Ionic Liquids Derivatives Towards Corrosion of C38 Steel in Molar 

Hydrochloric Acid, Int. J. Electrochem. Sci., 7(8), 6998-7015 

Zarrouk A., Zarrok H., Salghi R., Hammouti B., et al. (2013), Inhibition of Copper Corrosion by 2-

Aminobenzenethiol in Aerated 2 M HNO3 Medium, Int. J. Electrochem. Sci., 8 N°9, 11000-

11018 

Zehra S., Mobin M., Jeenat Aslam J. (2022), Chapter 13 - Chromates as corrosion inhibitors, Editor(s): 

Chandrabhan Verma, Jeenat Aslam, Chaudhery Mustansar Hussain, Inorganic Anticorrosive 

Materials, Elsevier, 2022, Pages 251-268, ISBN 9780323904100, 

https://doi.org/10.1016/B978-0-323-90410-0.00014-3  

Zeng W., Tan B., Zheng X., Chen X., Chen J., Li W. (2022), Penetration into the inhibition 

performance of two piperazine derivatives as high-efficiency inhibitors for copper in sulfuric 

acid environment, Journal of Molecular Liquids, 356:119015. 

https://doi.org/10.3390/jmmp8020054
https://doi.org/10.3390/met10060721
https://doi.org/10.1016/0013-4686(90)90036-Y
https://doi.org/10.1016/B978-0-323-90410-0.00014-3


Salim et al., J. Mater. Environ. Sci., 2024, 15(10), pp. 1383-1402 1402 

 

Zdravković M., Grekulović V., Suljagić J., Stanković D., Savić S., Radovanović M., Stamenković U. 

(2023) Influence of blackberry leaf extract on the copper corrosion behaviour in 0.5 M NaCl, 

Bioelectrochemistry, 151, 108401. 

Zhang D.-Q., Xie B., Gao L.-X., Q.-R. Cai, Joo H.G., Lee K.Y. (2011), Intramolecular synergistic 

effect of glutamic acid, cysteine and glycine against copper corrosion in hydrochloric acid 

solution Thin Solid Films, 520, 356-361 

Zhou L., Zhang S., Tan B., Feng L., Xiang B., Chen F., Li W., Xiong B., Song T. (2020), Phenothiazine 

drugs as novel and eco-friendly corrosion inhibitors for copper in sulfuric acid solution, Journal 

of the Taiwan Institute of Chemical Engineers, 113, 253-63. 

 

 

 

 

 

 

 

 

(2024) ;  http://www.jmaterenvironsci.com 

 

http://www.jmaterenvironsci.com/

