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ABSTRAK  

 Ekstrak produk alam menunjukkan kinerja yang sangat baik sebagai green inhibitor 

korosi pada paduan baja dengan performa inhibisi yang tinggi. Metode 

eksperimental dan teoritis mampu bersinergi dalam menyelidiki kinerja 

penghambatan korosi. Laporan ini merupakan literatur komparatif untuk 

pengembangan inhibitor berbasis bahan alam. Pengembangan penyelidikan ke 

depan diharapkan dapat menunjukkan interaksi molekul ekstrak tanaman dengan 

permukaan logam pada tingkat atomik, sehingga diperoleh pemahaman yang 

sistematis dan detail tentang mekanisme penghambatan korosi pada logam. 
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ABSTRACT 
Natural plant extracts show excellent performance as green corrosion inhibitors on 

steel with high inhibition efficiency. Experimental and theoretical methods are able 

to synergize in investigating corrosion inhibition performance. This report is a 

comparative literature for the development of natural-based inhibitors. The 

development of future investigations is expected to show the interaction of plant 

extract molecules with metal surfaces at the atomic level, so that a systematic and 

detailed understanding of the mechanism of corrosion inhibition in metal is 

obtained.  

 

 

1. INTRODUCTION 

 

Corrosion is decreasing quality (physical and mechanical 

properties) and the useful life of a material naturally due to 

an electrochemical reaction. The NACE reports that the 

global treatment fee for corrosion reaches $2.5 trillion per 

year (Groenenboom et al., 2017; Koch et al., 2016). Over the 

last decade these costs have continued to increase 

(DorMohammadi et al., 2018). Corrosion not only causes 

economic losses, but also other aspects such as 

environmental damage, security and safety threats (Chen et 

al., 2021; Sedik et al., 2020). 

Nowadays, inhibitor technology is the best solution in 

inhibiting the corrosion process. Corrosion inhibitor 

technology can reduce costs up to 35% or about 875 billion 

dollars per year (Marzorati et al., 2019). The inhibitor is the 

chemical compound that in small quantities may provide 

broad protection when added to a corrosive environment 

(Ash & Ash, 2000). Corrosion inhibitors play a role in 

maintaining the useful life of a material, contamination of a 

material, safety from accidents due to corroded material, and  

 

 

also the production power of a material by inhibiting the 

activity of the corrosion rate (Akrom et al., 2021). 

This review provides an overview of novel report on the 

use of green corrosion inhibitors on steel surfaces based on 

experimental and theoretical investigations. This report can 

provide relational literature for the perfection and utilization 

of natural products as green inhibitors in metals. 

 

2. MATERIAL AND METHOD 

2.1 Natural Extract as Green Corrosion Inhibitor 

Investigations of inhibitors continue to grow, especially in 

the exploration of organic inhibitors based on natural 

products. This is because inorganic inhibitors are toxic, 

environmentally unfriendly, and expensive. Natural plant 

extracts appear as green inhibitors because they are eco-

friendly, biodegradable, renewable, do not cause toxins and 

pollutants, are easy to produce and apply, have high cost 

effectiveness, and have and are able to provide protection 

from an environment with a very high level of corrosiveness 

(Kumar & Yadav, 2021; Vorobyova & Skiba, 2020).  
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Generally, green inhibitors which in their structure conceive 

heteroatomic atoms (e.g O, N, S, P) and aromatic rings are 

effective and efficient as corrosion inhibitors (Popoola, 2019; 

Stiadi et al., 2019). 

 

Figure 1. Distribution of Natural Products as Corrosion 

Inhibitors (Fayomi et al., 2019) 

 

Various recent studies on the utilize of natural products as 

green inhibitors show positive performance of natural plant 

extract inhibitor molecules. It was reported that flavanone 

extract from the yellow plant (Murraya koenigii linn) was 

investigated as inhibitor in steel with a maximum inhibition 

efficiency of 98.13% (H. Kumar & Yadav, 2021). 

Protocatechuic extract of the primrose (Primula vulgaris) 

plant resulted in a maximum inhibition efficiency of 94.4% 

on steel (Majd et al., 2019). Eugenol extract of the clove 

plant (Syzigium aromaticum) showed performance as a 

corrosion inhibitor on steel with a maximum inhibitory 

performance of 92.4% (Hnini et al., 2004). 

Based on Table 1, it can be observed that, natural plant 

extract green inhibitors have very good performance with 

high inhibition efficiency or inhibition efficiency (EI) on 

steel corrosion in an acidic environment. Inhibition efficiency 

is a parameter to measure the inhibitor's ability to protect 

metal surfaces based on the level of corrosion activity 

reduction (Pramudita et al., 2018). 

 

Table 1. Green Inhibitor on Steel with Concentration of 1000 

ppm in 1 M HCl Medium 

Green Inhibitor 
Inhibition Efficiency 

(%) 

Ananas comosus 98 

Pineapple stem 97 

Poinciana pulcherrima 96 

Primula vulgaris flower 96 

Plantago 94 

Juglans regia 94 

Plantago ovata 94 

Cassia occidentalis 93 

Mangifera indica leaves 92 

Papaia 92 

Chinese gooseberry fruit 92 

Datura stramonium 91 

Cryptocarya nigra 91 

Calotropis procera 89 

Luffa cylindrica 88 

Xantan gum 82 

Tinospora crispa 80 

2.2 Experimental Investigations 

The mechanism of corrosion and corrosion inhibition has 

been studied extensively through experimental approachs (e.g 

electrochemical impedance spectroscopy (EIS), 

potentiodynamic polarization, and gravitational analysis). 

2.2.1 Gravimetric Analysis 

Gravimetric analysis is also referred to as the weight loss 

method, because it is based on calculating the difference in 

weight of the metal during immersion with and without an 

inhibitor in a corrosive medium. In this gravimetric method, 

the corrosion rate (CR) can be enumerated by the following 

equation: 

CR = 
KW

AT⍴
  (1) 

where CR, K, W, A, T, and ⍴ are corrosion rate (mmpy), 

corrosion rate constant, mass difference (mg), surface area 

(mm2), immersion time (year), and density (mg/mm3), while 

the inhibition efficiency (EI) is: 

EI(%) = (1 −
CRp

CRa
) × 100%  (2) 

EI(%) = (1 −
Wp

Wa
) × 100%  (3) 

where CRp and CRa are corrosion rates with and without 

inhibitor, Wp, and Wa are mass loss in presence and absence 

of inhibitor, respectively. 

Based on Table 2 and Figure 2, it can be seen that the 

inhibitor of the Amni visnaga plant extract was able to inhibit 

steel corrosion. the corrosion rate decreased with the addition 

of inhibitor concentration, indicating an increase in inhibition 

efficiency. This conduct can be featured to an increase in the 

contact area of inhibitor with the surface, thereby reducing 

the reaction site among the steel and the electrolite medium 

(C. B. P. Kumar et al., 2020; Majd et al., 2019; Popoola, 

2019). 
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Figure 2. Corrosion Rate and Inhibition Efficiency with and 

without Amni Visnaga Methanolic Extract as Inhibitor 

(Zaher et al., 2020) 

 

Table 2. Gravimetric Analysis for Steel in 1 M HCl Medium 

in Presence and Absence of Amni Visnaga (EMG) 

Methanolic Extract as Inhibitor (Zaher et al., 2020) 

 
 

2.2.2 Potentiodynamic Polarization 

The inhibition rate may also be diligent based on the 

parameters of the current density that appears on the metal 

surface using potentiodynamic polarization method. In metal 

materials that interact with a corrosive medium, oxidation 

and reduction reactions will occur simultaneously, so that 

there is an anodic current equal to the cathodic current due to 

the potential difference between the metal and the electrolyte 

solution/corrosive medium. The resulting potential difference 

is a corrosion potential (Ecorr) and the resulting electric 

current is a corrosion current (Icorr). 

EI(%) = (1 −
i′corr

icorr
) × 100%  (4) 

where i'corr and icorr are corrosion current density in presence 

and absence of inhibitor, respectively. Linear extrapolation 

from the polarization curve to the corrosion potential is 

carried out to calculate the current density. 

Based on the data in Table 3, we know that the addition 

of inhibitor concentration of Dardagan fruit extract was able 

to reduce the anodic dissolution reaction rate (ba) and the 

cathodic reduction reaction rate (bc). The inhibition 

efficiency (η) increases as corrosion current decreases (icorr). 

In Figure 3, it can be seen that there is a shift in the 

polarization curve towards a lower corrosion current along 

with the addition of inhibitor concentration. Increasing the 

inhibitor concentration reduces the current density, the 

corrosion rate decreases, and the inhibition efficiency 

increase. This is in consequence of the adsorption mechanism 

of the inhibitor and the larger surface coverage so that it can 

block the steel surface active sites with a corrosive 

environment (C. B. P. Kumar et al., 2020; Sedik et al., 2020; 

Vorobyova & Skiba, 2020). 

 

 

Figure 3. Polarization Curve Variation on Steel corrosion 

with and without Dardagan Fruit Extract Inhibitor (Sedik et 

al., 2020) 

 

Table 3. Analysis of Polarization for Steel in 1 M HCl 

Medium in Presence and Absence of Dardagan Fruit Extract 

as Inhibitor (Sedik et al., 2020) 

 
 

2.2.3 Electrochemical Impedance Spectroscopy (EIS) 

EIS method is commonly used to investigate the 

performance of an inhibitor. 

EI(%) = (1 −
Rp′

Rp
) × 100%  (5) 

where Rp' and Rp are the charge transfer resistance in 

presence and absence of the inhibitor. 

One of the corrosion parameters that is also very 

important is the charge transfer resistance (Rct), that shows 

the ability of an inhibitor to inhibit the charge transfer 

between metal and a corrosive medium. From Table 4, we 

know that with the increase in inhibitor concentrations, the 

charge transfer resistances also increases. An increase in the 

value of the charge transfer resistance an increased charge 

transfer resistance indicates an increase in corrosion 

inhibition efficiency. From Figure 4, the Nyquist diagram 

forms a semi-circular loop. 

In the presence of inhibitors, loop widening occurs. The 

deformation indicates that there is an influence on the charge 

transfer process owing to the establishment of a protective 

layer. From the Bode diagram, it can be seen that the phase 

angle deviates from the 90° shape, as the inhibitor is added, 

the phase angle increases. the adsorption ability and coverage 

of the protective layer increase due to the increase in 

inhibitor concentration, leads to good corrosion inhibition. 
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Table 4. Electrochemical for Steel in 1 M HCl Medium in 

Presence and Absence of Xanthene Inhibitor (NAR) 

(Arrousse et al., 2020) 

 
 

 

 

Figure 4. Plot of Nyquist and Bode on Variation of NAR 

Inhibitor Concentration (Arrousse et al., 2020) 

2.3 Theoretical Investigations 

In quantum mechanics, interactions in material systems 

involve electrons and nuclei. The material system is 

represented as a wave function (ψ). Generally, the 

Schrödinger equation is used as an approximation to solving 

the wave function of medest particle systems. In plentiful 

particle systems, a more proper approach is behooved. One of 

the right approaches is the density functional theory (DFT). 

The DFT method is a refinement of the initial Hohenberg-

Kohn, which assumes that the total energy is a electron 

density functional. 

E(ρ) = Ts(ρ) + J(ρ) + Vext(ρ) + Enuc(ρ) + Exc(ρ) (6) 

where Ts(ρ) is the kinetic energy, J(ρ) is the potential energy, 

Vext(ρ) is the electron-ion potential, Enuc(ρ) is the ion-ion 

potential, and Exc(ρ) is an exchange-correlation functionoal. 

Density functional theory (DFT) is widely applied to 

predict the electronic and structural properties of materials, as 

well as the interactions between materials. DFT is a quantum 

mechanical calculation method based on the electron density, 

the electron density, comprises very prominent and specific 

information at the atomic scale regarding the characteristics 

of the material system in its ground state (Verma, 2018). 

 

2.3.1 Molecular Orbitals 

Frontier molecular orbitals (FMO) plots describe the 

distribution of electron density that can be utilized to predict 

the active site of the inhibitor. The highest occupied 

molecular orbital (HOMO) is the highest occupied molecular 

orbital with electrons, which describes the ability of the 

inhibitor molecule as an electron donor. The lowest 

unoccupied molecular orbital (LUMO) is the lowest 

unoccupied molecular orbital, which describes the ability of 

inhibitor molecules as electron acceptors (Hadisaputra et al., 

2019). 

Based on Figure 5, the scatter of electron density inclines 

to be confined around the two oxygen atoms and the aromatic 

ring, indicating the propensity of the HOMO area as an 

electron donor, purpose that this section of the atom is held to 

be the active site, while the scatter of electron density in the 

LUMO area, inclines to be deployment over the carbon chain 

and the benzene cycle, purpose to be the electron acceptor 

region. 

The distribution of electron density in the HOMO-LUMO 

region also shows that the molecular mechanism of the 

inhibitor molecule can be through the lone pair of electrons 

from the oxygen atom and/or the π-electrons of the benzene 

ring. This explains that the potential interaction of inhibitor 

molecules with metal surfaces tends to be through a donor-

acceptor mechanism. The inhibitor molecule is not only an 

electron donor to the metal surface, but also acts as an 

electron acceptor from the metal surface. 

The HOMO-LUMO orbital can also show the presence of 

electron transfer based on its energy value (Marni et al., 

2019). A high EHOMO exhibites a good potential as an electron 

donor, while the low ELUMO value exhibites a good potential 

as an electron acceptor (Gece & Bilgiç, 2017). The gap 

energy (Egap) exhibites the potential ability of molecules to 

bond with metal surfaces.  

Egap = ELUMO – EHOMO  (7) 

A lower gap energy exhibites that the inhibitor has a high 

level of chemical reactivity, which associated to the 

inhibition performance ( TÜZÜN, 2019; Ammouchi et al., 

2020). 

In Table 5, it can be seen that Artichoke, Chamomile 

flower, and Thymus vulgaris have high EHOMO, low ELUMO, 

and low Egap values. This shows that the three inhibitor 

molecules have excellent potential as green corrosion 

inhibitors. 
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Table 5. HOMO-LUMO Orbitals of Inhibitors 

 
Table 6. Orbital Energy of Inhibitors 

Green Inhibitor EHOMO ELUMO Egap 

Artichoke -6.430 -3.086 3.344 

Chamomile flower -5.547 -2.632 2.915 

Thynus vulgaris -5.225 -0.818 4.407 

 

2.3.2 Quantum Chemical (QC) Parameters 

QC parameter calculations were conducted to gain a 

relation of the electronic properties with the inhibition 

performance. The quantum descriptors basically indicates the 

level of chemical reactivity. Chemical reactivity is associated 

to the potential for corrosion inhibition or corrosion 

inhibition efficiency. High chemical reactivity indicates 

excellent corrosion inhibition potential or high inhibition 

efficiency of inhibitor molecules (C. B. P. Kumar et al., 

2020), since the inhibitor molecule has the potential to easily 

interact and form bonds with the surface (Farahati et al., 

2020; Marni et al., 2019), and and the inhibitor has a wider 

contact area with the metal surface (Anupama & Joseph, 

2018; Daouda et al., 2019). Molecules that have high 

chemical reactivity have excellent potential as green 

inhibitors. 

The descriptors above include ionization potential (I), 

electron affinity (A), absolute electronegativity (χ), dipole 

moment (μ), global hardness (η), global softness (σ), 

electrophilicity (ɷ), nucleophilicity (ε), fraction of electrons 

transferred (ΔN), and electron back-donation (ΔEback-donation). 

The low ionization potential and high electron affinity 

indicate that the molecule has high reactivity. 

Electronegativity is cohesive to the capability of the inhibitor 

to attract electrons, till electron balance is accomplished. 

Low electronegativity values indicate high reactivity. 

Hardness and softness denote the resistance to transfer and a 

capacity to accept charge, respectively. Low hardness and 

high softness values represent high reactivity. Dipole 

moment depicts the allocation of electrons in the molecular 

structure. A high dipole moment value indicates high 

reactivity. Electrophilicity portrays the aptitude of a molecule 

to permeate electrons. Low electrophilicity denotes high 

reactivity. Electron back-donation is a charge transfer 

followed by a back-donation. A more negative value of 

Eback-donation exhibits better inhibition performance. The 

interaction of the inhibitor molecule and the metal surface is 

characterized by the fraction of electrons transferred. 

Electronegativity differences between the molecule and the 

metal surface cause electron transfer (El Hassani et al., 

2020).  

I = -EHOMO    (8) 

 

A = -ELUMO    (9) 

 

χ =
I + A

2
    (10)

  

η =
I – A

2
    (11)

    

σ =
1

η
    (12) 

 

µ = -χ    (13) 

 

ω =
µ2

2η
    (14) 

 

ε = 1

ω
    (15) 

 

∆Eback−donation = − η

4
  (16) 

 

∆N =
χmet – χinh

2(ηmet + ηinh)
   (17)

                

where χmet is electronegativity of metal and χinh is 

electronegativity of inhibitor, while ηmet and ηinh are the 

hardness of the metal and inhibitor, respectively. 

 

Table 7. Quantum Chemical Parameters of Green Inhibitor 

Compounds Inhibition 

Green Inhibitor  A I χ η ΔN 

Artichoke 3.086 6.430 4.758 1.672 0.0185 

Chamomile flower 2.632 5.547 4.089 1.457 0.2508 

Thynus vulgaris 0.818 5.225 3.021 2.203 0.4083 

 

Based on Table 6, the inhibitors above appear to kind of 

chemical reactivity, and exhibit excellent interaction potential 

on metal surfaces, making them a potential good as green 

corrosion inhibitors. 
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3. RESULT AND DISCUSSIONS 

3.1 Corrosion Mechanism 

The corrosion process takes place naturally, but can be 

controlled, thus the material degradation process can be 

slowed down.  

Figure 5. Mechanism of Corrosion of Iron in a Neutral 

Environment 

In general, the corrosion mechanism is similar to the 

process that takes place in a fuel cell. The surface of the 

corroded iron acts like a mixed electrode (anode and cathode) 

which is electrically connected through the iron body itself, 

where anodic and cathodic reactions occur on the surface. 

Corrosion reaction is an electrochemical reaction consisting 

of anodic and cathodic reactions. 

In an oxidation reaction in anode, a metal is oxidized by 

giving up electrons to form positive metal ions (cations). The 

positive metal atoms escape from the metal surface as ions 

and into the electrolyte solution in a corrosive environment. 

Positive metal ions migrate through the electrolyte from the 

anode to the cathode. This oxidation reaction also releases 

electrons that can move from the anode to the cathode 

through an electrical connection (the iron body itself). A 

stream of electrons flows towards the cathode, acting as an 

electric current). In a reduction reaction, electrons are 

captured by dissolved oxygen and/or water molecules. 

Oxygen dissolved in water will be reduced to negative ions 

(anions). Negative ions flow (diffuse) from the anode to the 

cathode through the electrolyte.  

From Figure 6, in a neutral environment, ferrous metal 

undergoes an oxidation reaction by releasing electrons to 

form Fe2+ metal ions. The ions escape to the electrolyte 

medium from the iron surface, then migrate from the anode 

to the cathode. The electrons can move from the anode to the 

cathode through an electrical connection (the iron body 

itself). Furthermore, in the reduction reaction, electrons are 

captured by dissolved oxygen. Oxygen is reduced to a 

negative ion (anion) OH-. Negative ions flow (diffuse) from 

the cathode to the anode through the electrolyte. Fe2+ ions 

and OH- ions will form Fe(OH)2 precipitates. As a result of 

further oxidation, Fe(OH)2 will form rust products such as 

Fe2O3, Fe3O4, and also FeOOH. In an acidic environment, the 

relatively large number of H+ ions allows other reduction 

reactions such as hydrogen evolution to occur. The existence 

of two reactions that take place at the cathode causes the iron 

metal to be oxidized more. This explains why corrosion in an 

acidic environment is greater than in a neutral environment 

(Verma, 2018). It has been widely reported that the presence 

of moisture and oxygen favors the formation of more OH- as 

a component of rust formation (Ahmad, 2003). 

Corrosion reaction in acid medium: 

Oxidation:  2Fe → 2Fe2+ + 4e-  

Reduction:  O2 + 4H+ + 4e- → 2H2O 

Reaction:  2Fe + O2 + 4H+ → 2Fe2+ + 2H2O 

4Fe2+ + 4H2O + 3O2 → 2Fe2O3 + 4H2O
 

Corrosion reaction in alkaline medium: 

Oxidation:  2Fe → 2Fe2+ + 4e-  

Reduction:  O2 + 2H2O + 4e- → 4OH- 

Reaction: 2Fe + O2 + 2H2O → 2Fe2+ + 4OH-
 → 2Fe(OH)2 

  4Fe(OH)2 + O2 + 2H2O → 4Fe(OH)3 

  2Fe(OH)3 → Fe2O3 + 3H2O 

3.2 Inhibition Mechanism 

The mechanism of corrosion inhibition may involve 

chemical and/or physical adsorption processes to establish 

atomic orbitals (adsorbed layer, protective layer, complex 

compound) among the inhibitor and surface. The adsorption 

of inhibitor at the interface with the metal allows 4 

adsorption mechanisms to occur, namely: (a) electrostatic 

interactions between molecules and metals, (b) interactions 

between electron pairs and metals, (c) interactions between π-

electrons and metals, and (d) a combination of these three 

mechanisms. The adsorption is also largely determined by the 

planarity of the molecules and the lone pairs of electrons 

present in the heteroatom group (C. B. P. Kumar et al., 2020).  

The effectiveness of natural plant extract compounds as 

inhibitors depend on their capability to establish protective 

layers on metal surfaces that can avert charge and mass 

transfer, thereby protecting and separating metals from the 

corrosive environment (Dehghani et al., 2020; Fayomi et al., 

2019).  

The formation of the adsorbed layer depends on the ability 

of the lone pair donor-acceptor and/or the interaction 

between the π-electrons of the aromatic ring of the inhibitor 

with the vacant d-orbital of the surface atom, both of which 

facilitate the formation of the adsorbed layer by coordinating 

covalent bonds (Aliofkhazraei, 2014; Arrousse et al., 2020; 

Zaher et al., 2020). In general, the heteroatom group acts as 

an adsorption center that interacts with the surface, because 

the inhibitor may not be completely adsorbed on the surface, 

but can occupy the active site to inhibit the oxidation or 

reduction reaction, so that the corrosion process will decrease 

due to the active site. covered by the adsorbed inhibitor 

(Arthur & Abechi, 2019).  

The constancy to establish complex compounds of the 

molecule and metal surfaces can also be confirmed based on 

the adsorption energy. Adsorption energy is related to the 

stability of the complex layer formation. 
 

Eads = Einh/surf – (Einh + Esurf)  (18) 
 

where Einh/surf is the total energy between the surface and the 

adsorbed inhibitor, Einh is the total energy of the inhibitor, 

Esurf is the total energy of the surface, and Eads is the 

adsorption energy. 

From Table 7, we know that the adsorption energy of 

Artichoke, Chamomile flower, and Thymus vulgaris extracts 

as a green inhibitor, was energetically strong and related to 

the inhibition performance acquired experimentally. 
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Table 8. Adsorption Energy of Inhibitors on Steel Surfaces 

Green 

Inhibitor 

Eads 

(kcal/mol) 

Inhibition 

Efficiency (%) 

Ref. 

Artichoke -115.90 
98.7 (Salmasifar et 

al., 2021) 

Chamomile 

flower 
-111.17 

97 (Shahini et 

al., 2021) 

Thymus 

vulgaris 
-90.67 

95 (Lashgari et 

al., 2021) 

4. CONCLUSION 

Natural plant extracts show excellent performance in 

inhibiting steel corrosion, where the corrosion inhibition 

efficiency is very high. Experimental and theoretical methods 

are able to synergize in investigating corrosion inhibition 

performance.  
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