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INTRODUCTION 

Metallic materials are still the most widely used group of 

materials particularly in both mechanical engineering 

and the transportation industry. In addition, metals are 

commonly used in electronics and increasingly also in 

the construction industry. However the usefulness of 

metals and alloys is constrained by one common problem 

known as corrosion. Corrosion can cause disastrous 

damage to metal and alloy structures causing economic 

consequences in terms of repair, replacement, product 

losses, safety and environmental pollution. Due to these 

harmful effects, corrosion is an undesirable phenomenon 

that ought to be prevented. 

 

There are several ways of preventing corrosion and the 

rates at which it can propagate with a view of improving 

the lifetime of metallic and alloy materials. The use of 

inhibitors for the control of corrosion of metals and 

alloys which are in contact with aggressive environment 

is one among the acceptable practices used to reduce 

and/or prevent corrosion. Large numbers of organic 

compounds have been studied and analysed to 

investigate their potential as corrosion inhibitors. Most of 

these studies reveal that almost all organic molecules 

containing hetero atoms such as nitrogen, sulphur, 

phosphorous and oxygen show significant inhibition 

efficiency. Despite of these promising findings about 

possible corrosion inhibitors, most of these substances 

are not only expensive but also toxic, non-biodegradable 

thus causing pollution problems. Hence, these 

deficiencies have prompted the search for their 

replacement. 

 

 

Plants have been recognized as sources of naturally 

occurring compounds. Furthermore, the use of naturally 

occurring compounds are of interest, because of their 

cost effectiveness, abundant availability and more 

importantly their environmentally acceptability. Due to 

these advantages, extracts of some common plants and 

plant products have been tried as corrosion inhibitors for 

metals and alloys under different environment.  

 

This review gives an overview of recent work on the 

inhibitive effect of various plant extracts particularly for 

mild steel in acidic medium so as to provide industrialists 

with vital comparative literature for possible large scale 

use of natural inhibitors in their operations.
[1,33]

 This will 

contribute to sustainable and green manufacturing. The 

effects of temperature, concentration and reaction 

medium on the inhibition efficiency were compared. 

Methods used for studying corrosion and the adsorption 

isotherms deduced are also highlighted. 

  

1.0 Metals: Extracts  of natural products have  been used 

to prevent corrosion  of various  metals and alloys such 

as mild steel
[1,3,4,6,11,13,14,15,16,17,18,19,20,22,24,26,27,28,30]

, 

stainless steel
[2]

, steel
[25,32]

, steel-reinforced concrete
[7]

, 

Carbon steel
[5,8,10]

, copper
[12,31]

, copper and brass
[21]

, 

aluminium
[23,29]

, zinc.
[33]

 

 

2.0 Plant materials: Extracts  of  various  parts  of  the 

plant  have  been used  as  corrosion  inhibitors.  Leaves 
[1,2, 7,8,11,13,15,17,19,25,27,28,29]

, peels
[16,26]

, bark and leaves
[3]

, 

oils
[4,30]

 have been used as corrosion inhibitors. 

 

3.0 Medium: The inhibition study have been done to 

prevent corrosion of metals and alloys immersed in 
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various medium such as acidic medium
[2, 3, 4, 5, 6, 7, 8, 11, 12, 

13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 30]
, basic medium

[23,29]
, 

Neutral medium
[10,28]

, sulfide polluted salt water
[32]

 and 

in NaCl.
[1,33]

  

 

4.0 Synergistic effect: Additive mixture of inhibitors 

shows better inhibition efficiency than individual 

members. This is called Synergistic effect. For this 

purpose many additives have been used to improve the 

inhibition efficiency of plant extracts. For this purpose 

Zinc acetate
[1]

, ethyl acetate and butanolic extract
[2]

, 

ammonium chloride (AMC)
[6]

, potassium iodide 

(PTI)
[6,8]

, Triethanolamine
[7]

, Ethanol
[11]

, sodium 

dichromate
[25]

 is added. 

 

5.0 Methods: To evaluate the corrosion inhibition 

efficiency of inhibitor, several methods such as weight 

loss method
[3,4,5,6,10,11,12,13,14,16,17,18,21,22,23,26,27,28,29,30]

, 

Electrochemical studies (such as  polarization method
[1, 2, 

3, 4, 5, 6, 8, 9, 10, 12, 13, 14, 15, 16, 17, 19, 20, 21, 23, 24, 25, 27, 29, 30, 32, 33]
, 

AC impedance spectra 
[1,2,3,4,5,6,8,9,10,12,13,14,16,17,19,21,23,24,26,30,32,33]

), TGA
[1]

, 

OCP
[1,25]

, Electrochemical noise measurements
[2,7,25]

 

have been employed. 

 

6.0 Surface morphology of protective film: The 

protective films  formed on  metal surfaces have been 

analyzed by various surface analysis  techniques such as 

FT-IR spectroscopy
[1,8,13,27,28,29]

, UV-Visible 

spectroscopy
[1,8,28]

, FFT
[2]

, FESEM
[3]

, 

SEM/EDS
[1,9,12,13,16,18,20,21,23,27,29]

, AFM
[8,20,23]

, NMR
[9]

, 

Energy dispersive X-ray spectroscopy
[3,10]

, 

SEM
[1,5,8,11,12,13,16,19,20]

, EFM
[12,21,32]

, GC-MS
[30]

 and 

XPS.
[1]

 

 

7.0 Adsorption isotherm: The protective layer formed 

on the metal surface by adsorption of active compounds 

of different plant extracts on the metal surface. The 

adsorption isotherms such as Langmuir adsorption 

isotherm
[3,5,8,14,15,18,21,30]

, Florry-Huggins adsorption 

isotherm
[15]

, Frumkin  adsorption isotherms
[27]

,  Temkin 

adsorption isotherm
[10,12,20,27,32]

 have been discussed.   

 

8.0 Thermodynamic parameters: From the adsorption 

isotherms, various thermodynamic parameters such as 

changes in free energy
[5,12,27,30]

, entropy
[5,12,27,30]

, 

enthalpy
[5,12,27,30]

, equillibrium constant
[5,12,27,30]

, heat of 

adsorption
[5,12,27,30]

 and activation energy
[5,12,14,27,30]

 have 

been calculated. 

 

9.0 Advantages and limitation: Natural product extracts 

are eco-friendly, non-toxic, low cost and easily 

biodegradable. But it is easily contaminated by 

microorganisms. The decomposition of plant extracts can 

be prevented by addition of biocides such as sodium 

dodecyl sulphate and N-cetyl-N, N, N-trimethyl 

ammonium bromide.  

 

10.0 View of plant scientists: If plant materials are used 

as corrosion inhibitors, the various plants will be slowly 

extinct. A list of plant materials that have been used as 

corrosion inhibitors is given in Table 1.  

 

Table 1: Plant materials as corrosion inhibitors. 

S.No. 
Metal 

Used 
Medium 

Inhibitor+ Plant 

Name 
Methods Used Findings 

Ref. 

Nos. 

1. Mild steel 

Aqueous 

chloride 

solutions 

Zinc acetate-

Cichorium intybus L 

leaves extract 

X-ray photoelectron spectroscopy (XPS), 

scanning electron microscopy (SEM) 

coupled with energy dispersive spectroscopy 

(EDS), Fourier transform infrared 

spectroscopy (FT-IR), UV–visible analysis 

and thermal gravimetric analysis (TGA). 

open circuit potential (OCP) measurements, 

electrochemical impedance spectroscopy 

(EIS) and polarization studies, SEM/EDS 

and FT-IR analyses 

Successful complex formation of 

ZnA-CIL.L, ZnA-CIL.L hybrid 

pigment retard the steel sample 

from corrosion, adsorption 

occurred through chelation with 

zinc/iron cations, proper inhibition 

performance for this hybrid green 

corrosion inhibitive pigment. 

[1] 

2. 
Stainless 

steel 

1.0 mol L−1 

HCl 

Thymus vulgaris 

plant leaves extract 

Potentiodynamic polarization, 

electrochemical impedance (EIS) and 

electrochemical noise measurements (EN) 

techniques, FFT technique 

Geometry optimization and 

calculation of the structural and 

electronic properties of the 

molecular system of inhibitor, all 

of the used techniques showed 

positive effect of green inhibitor 

with increasing inhibitor 

concentration 

[2] 

3. Mild steel 1 M HCl 

Mangrove 

(Rhizophora 

apiculata) bark and 

leaf extract 

Gravimetric measurement (weight 

loss),electrochemical impedance 

spectroscopy (EIS) and potentiodynamic 

polarization techniques, emission scanning 

electron microscopy (FESEM), Energy 

Dispersive X-Ray Analysis 

Langmuir isotherm model most 

likely relevant adsorption 

mechanism, showed mixed type 

inhibition. 

[3] 

4. Mild steel 1M HCl 

M. piperita and M. 

pulegium essential 

oils 

Weight loss measurements, polarization 

curves, and electrochemical impedance 

spectroscopy techniques, microdilution 

method 

Act as a mixed-type inhibitor, 

enhanced their adsorption, 

antibacterial activity against gram 

positive and one gram negative 

[4] 
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bacteria, showed satisfactory 

activities against S. epidermis, E. 

coli DH5α. 

5. 
Carbon 

Steel 
1 M H2SO4 

Ethyl acetate extract 

(EAE) and butanolic 

extract (BE) of 

Thapsia villosa 

Electrochemical impedance spectroscopy 

(EIS) techniques, potentiodynamic 

polarization and weight loss measurements, 

effect of temperature 20–40 °C 

Protection efficiency increased 

with increasing concentration of 

the extracts, but decrease with rise 

in temperature, mixed types 

inhibitors, follow Langmuir 

isotherm, apparent energies, 

enthalpies and entropies of the 

dissolution process were 

discussed. 

[5] 

6. Mild steel 3.5% HCl 

B.V.  Extracts of 

elephant grass 

(Pennisetum 

purpureum) blended 

with intensifiers 

ammonium chloride 

(AMC) and 

potassium iodide 

(PTI) 

Mass loss and electrochemical techniques at 

30, 40, 50, 60 and 90 °C 

Addition of AMC and PTI 

increased the inhibition efficiency, 

mixed type inhibitors, adsorption 

exothermic nature, synergistic 

parameters revealed cooperative 

effect, kinetic data treatment 

indicated increase in energy 

barrier by intensifier ions, extract 

blended with halide ions can act as 

alternative eco-friendly inhibitor. 

[6] 

7. 

Steel-rein-

forced 

concrete 

0.5 M 

H2SO4 

Phyllanthus 

muelleria-nus leaf-

extract and 

C6H15NO3 

(triethanolamine: 

TEA) 

Electrochemical monitoring of corrosion 

potential, as per ASTM C876-91 

R99,ASTM G16-95 R04 for modelling noise 

resistance, compressive-strength testing 

using ASTM C39/C39M-03 

Better inhibition-efficiency 

performance than C6H15NO3, 

synergistic additions improved 

steel-rebar corrosion-inhibition, η 

= 84.17%, from η = 55.28% by 

the optimal chemical or from η = 

74.72% by the optimal plant-

extract admixtures, that improved 

compressive strength of steel-

reinforced concrete.  

[7] 

8. 
Carbon 

steel 
1M HCl 

Morus alba pendula 

leaves extract and 

effect of KI on 

MAPLE 

Electrochemical impedance spectroscopy 

(EIS) and polarization test, atomic force 

microscope (AFM) and Fourier transform 

infrared spectroscopy (FT-IR), UV-visible 

analysis 

A high inhibition efficiency value 

of 93% was achieved in the 

presence of 0.4.g/L MAPLE at 

room temperature    (25. °C), 

synergistic effect was observed 

between KI and MAPLE with 

optimum concentration of 0.4. g/L 

MAPLE+ 10. mM KI, Adsorption 

of extract on the steel surface in 

the presence of KI resulted in an 

inhibition efficiency of 96%., 

acted as a mixed type corrosion 

inhibitor and the inhibition 

efficiency was increased by 

increasing the inhibitor 

concentration obeying a Langmuir 

adsorption isotherm. 

[8] 

9.   
Brazilian plant 

extracts 

Phytochemical study, nuclear magnetic 

resonance spectroscopy, antioxidant activity, 

electrochemical study by potentiodynamic 

linear polarization, electrochemical 

impedance spectroscopy, immersion tests 

and analysis by scanning electron 

microscopy, chromatography techniques 

Amino compound, which was 

identified as 4-(N-methylamino)-

benzoic acid by _sup_13_/sup_C - 

and _sup_1_/sup_H-NMR 

spectroscopy, superior 

anticorrosion performance than 

phenolic compounds and its origin 

extract. The adsorption 

phenomena had influence on 

corrosion inhibition more than 

antiradical activity. 

[9] 

10. 

Mild 

carbon 

steel 

Saline 

formation 

water 

Seaweed extract 

Weight loss, polarization and 

electrochemical impedance spectroscopy 

(EIS) methods. Scanning electron 

microscopy (SEM) and energy dispersive X-

ray spectroscopy (EDX) 

Inhibition efficiency increases 

with the increase in Seaweed 

extract concentration but 

decreases with the rise in 

temperature, obeyed the Temkin 

adsorption isotherm, suppresses 

the anodic reaction. The kinetic 

[10] 
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parameters of the corrosion 

process were evaluated and 

discussed. 

11. Mild steel 

HCl, H2SO4 

and mixture 

of solutions 

Leaves (LV), Latex 

(LX) and Fruit (FT) 

ethanol extracts of 

Calotrpis procera 

and Calotropis 

gigantea 

Mass loss and thermometric technique at 

different temperatures 

Ethanolic extracts functioned as a 

good corrosion inhibitor in both 

environments, inhibition 

efficiency increased with extracts 

concentration, mechanism of 

chemical adsorption of the plants 

components on the surface of the 

metal, inhibition efficiency 

increases up to 86.37%. 

[11] 

12. Copper 1M HNO3 
Cheno-podium 

extract 

Weight loss, potentiodynamic polarization, 

electrochemical impedance spectroscopy 

(EIS) and electrochemical frequency 

modulation (EFM) techniques, scanning 

electron microscope (SEM) 

Inhibition efficiency increases 

with increasing the inhibitor 

concentration, decreases with 

increasing the temperature, obeys 

Temkin adsorption isotherm, 

thermodynamic parameters were 

calculated and discussed, acted as 

mixed-type inhibitor, results 

obtained from chemical and 

electrochemical techniques are in 

good agreement. 

[12] 

13. Mild steel  1N HCl 

Aqueous extract of 

Holoptelea 

integrifolia leaves 

Weight loss method and electrochemical 

method, FTIR studies, SEM 

Organic moieties present in the 

extract supported by FTIR studies, 

act as a mixed type inhibitor and 

the inhibition efficiency of up to 

98.45 % is obtained. The SEM 

morphology of the adsorbed 

protective film on the mild steel 

surface has confirmed the high 

performance of inhibitive effect of 

the plant extract, inhibition 

efficiency decrease with 

increasing temperature follows 

physisorption mechanism, surface 

coverage values were tested 

graphically for suitable 

adsorption. 

[13] 

14. Mild steel 1.0 M HCl 

Methanolic extract 

of Mentha 

Suaveolens 

Weight loss measurement, potentiodynamic 

polarization and electrochemical impedance 

spectroscopy (EIS) techniques, the effect of 

temperature was studied in the range of 313-

343 K 

Physical adsorption, approxilated 

by the langmuir isotherm, mixed 

type corrosion inhibitor.  

[14] 

15. Mild-steel 
0.5 M 

H2SO4 

Terminalia catappa 

leaf-extract 

Potentiodynamic polarisation and 

gravimetric techniques 

Potentiodynamic corrosion-rate 

correlated excellently (R = 

99.25%, Nash-Sutcliffe efficiency 

(NSE) = 98.52%, ANOVA p-

value = 0.0222), inhibition 

effectiveness on mild-steel 

corrosion increased with 

increasing leaf-extract 

concentration up to the 8 g/L 

Terminalia catappa leaf-extract, 

which exhibited optimal inhibition 

efficiency, η = 99.99% 

(experimental model) or η = 

95.45% (correlation prediction), 

Langmuir and the Flory-Huggins 

adsorption isotherms with 

agreement.  

[15] 

16. Mild steel 1N H2SO4 
Acid extract of peel 

of Cucurbita maxima 

Weight loss, polarization and impedance 

methods and SEM analysis 

PCM was potential corrosion 

inhibitor and maximum inhibition 

efficiency (IE %) obtained was 

98% for 3%PCM at 1h, acts as a 

mixed type of inhibitor. 

[16] 

17. Mild steel 1N HCl Leaves Extract of Weight loss, electrochemical impedance Acts as mixed inhibitor, formation [17] 
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Melia Azedarach spectroscopy and Potentiodynamic 

polarization techniques 

of an adsorbed film on the mild 

steel, efficient natural corrosion 

inhibitor in the acidic solution. 

18. Mild steel  1 M HCl 

Commi-phora 

caudata and Digera 

muricata extracts 

Weight loss and surface analysis techniques 

Inhibition efficiency increased 

with increasing inhibitor 

concentration and temperature 

suggested chemical mechanism, 

followed Langmuir adsorption 

isotherm. Surface morphology 

showed the extract reduces the 

mild steel corrosion. 

[18] 

19. Mild steel 
0.5 M 

H2SO4 

Leaves of Thymus 

algeriensis 

Antioxidant and anticorrosive activity, 

electrochemical studies 

Geranyl acetate (80.8%) as mainly 

compound, the aqueous extract 

has exhibited a moderate 

antioxidant activity against free 

radical DPPH, electrochemical 

studies in the presence of different 

concentrations of TAE & TAO 

ranging from 0.25 g/L to 2 g/L, as 

mixed type inhibitors, inhibition 

efficiency increases with 

increasing concentration. 

[19] 

20. Mild steel  1M H2SO4 

Cryptostega 

grandiflora plant 

extract 

Evaluation of polyphenol composition, 

Polarization studies, SEM-EDS, AFM 

Extract contains the Myricetin 

3582.22(μg/g) and Rutin 

45.62(μg/g) as major components, 

mixed inhibitor, obeys Temkin 

adsorption isotherm. 

[20] 

21. 
Copper and 

brass 
1 M HNO3 

Ceratonia siliqua 

extract 

Weight loss, potentiodynamic polarization, 

electrochemical impedance spectroscopy and 

electrochemical frequency modulation 

techniques, scanning electron microscope 

and energy dispersive X-ray techniques 

Cathodic inhibitor, effective 

inhibitor for the corrosion of 

copper and brass in nitric acid 

media, temperature increases 

percentage of inhibition decreases, 

obeyed the Langmuir adsorption 

isotherm. 

[21] 

22. Mild steel   acidic media 
Piper nigrum L. 

Extract 
Weight loss measurement 

Efficiency was about 97 % for the 

crude extract and 70 % for the 

pure piperine. 

[22] 

23. 
Alumini-

um alloy 
1M NaOH 

Cannabis sativa 

(CS), Rauwolfia 

serpentina (RS), 

Cymbo-pogon 

citratus (CC), 

Annona squamosa 

(AS) and Adhatoda 

vasica (AV)  

Gravimetric, electrochemical impedance 

spectroscopy (EIS), potentiodynamic 

polarization and linear polarization 

resistance (LPR) techniques, scanning 

electron microscopy (SEM) and atomic force 

microscopy (AFM) 

Maximum inhibition efficiency 

(η%), 97% at 0.2gL-1, mixed-type 

inhibitor. 

[23] 

24. 
Mild steel 

alloy 
5 M HCl 

Hibiscus sabdariffa 

plant extract  

Potentiodynamic polarization and 

electrochemical impedance spectroscopy 

techniques 

Effective protective inhibitor in 

aggressive acid medium, surface 

coverage as a function of the 

concentration of the additive are 

invariably sigmoid in nature, 

inhibition efficiency increases 

with increasing additive 

concentration. 

[24] 

25. Steel 
0.5 M 

H2SO4 

Rhizophora mangle 

L. leaf-extract and 

sodium dichromate  

Non-destructive electrochemical 

measurements of corrosion rate (CR) and 

open circuit potential (OCP), ASTM G16-95 

R04 

Excellent synergistic interaction of 

the plant-extract with Na2Cr2O7 

chemical, suggests suitability of 

Rhizophora mangle L leaf-extract 

as eco-friendly replacement of 

toxic Na2Cr2O7 inhibitor in 

H2SO4-immersed steel-reinforced 

concrete. 

[25] 

26. Mild steel 
 HCl 

solution 

Pomegran-ate peel 

extract (PPE)  

Polarization, mass loss, and electrochemical 

impendence techniques 

Inhibition efficiency increased 

with the increase of extract 

concentration, inhibition action 

was attributed to the adsorption of 

the chemical compounds present 

[26] 
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in the extract solution on mild 

steel surface. 

27. Mild steel 
H3PO4 

solution 

Rosmarinus 

officinalis leaves 

extracts and effects 

of KI   

Weight loss method and Potentiodynamic 

polarization methods at 303K-333K, FT- IR 

and SEM analysis. 

Obey's Temkin, Frumkin 

adsorption isotherm, 

thermodynamic parameters reveal 

that the spontaneous process and 

exothermic in nature, electronic 

properties such as EHOMO, 

ELUMO, energy gap orbital's 

using Density Functional Theory 

at the B3LYP/6-31G++ (d, p) 

basis set discussed, quantum 

chemical calculations confirmed 

the adsorption of the molecule on 

the surface. 

[27] 

28. Mild steel 
Aqueous 

medium 

Citrus sinensis L. 

leaf extract  

Weight loss method, pH, UV–Vis, and FT-

IR, 

Citrus sinensis L. leaf extract have 

several bioactive compounds, used 

as corrosion inhibitor and such 

rare morpho-variant. 

[28] 

29. Al 1M NaOH 

Extract of bitter leaf 

(Vernonia 

amygdalina)  

Weight loss, potential dynamic polarization, 

Fourier transform infra-red and scanning 

electron microscopic analyses 

Bitter leaves extract revealed the 

presence of C=C-H, Ar-H 

(bending out of plane), C-H 

(bending in plane), stretched C-O, 

stretched C=C, stretched C=N, 

stretched C=O, stretched C=C, 

stretched C=N, stretched C-H and 

stretched O-H functional groups, 

Adsorption was spontaneous, 

inhibition efficiency 80.54%., 

mixed-type inhibitor. 

[29] 

30. Mild steel 1.0 M HCl 
Essential oil of 

Thymus algeriensis  

Hydrodistillation and analyzed by GC and 

GC/MS, (weight loss method) and 

electrochemical techniques 

(potentiodynamic polarization and 

electrochemical impedance spectroscopy, 

effect of temperature 308 - 343 K 

EOTA acts as mixed-type 

inhibitor, adsorption and kinetic 

parameters for 

mildsteel/EOTA/1.0 M HCl 

system were calculated, The 

Nyquist plots showed that on 

increasing EOTA concentration, 

increases charge transfer 

resistance and decreases double 

layer capacitance, obeys the 

Langmuir adsorption isotherm. 

[30] 

31. Copper 
Various 

medium 

Organic compounds 

and plant extracts 

and natural products 

Application and new investigating 

techniques 
Novel research approaches. [31] 

32. Steel 

Sulfide 

polluted salt 

water 

Cinnamon plant 

extract  

Potentiodynamic polarization, 

electrochemical impedance spectroscopy 

(EIS), and electrochemical frequency 

modulation (EFM). 

good corrosion inhibitor with 

inhibition efficiency reached to 

80% at 250 ppm, obeys Temkin 

adsorption isotherm, mixed-type 

of inhibitor but dominantly as a 

cathodic inhibitor in sulfide 

polluted salt water. 

[32] 

33. Zinc 
3% NaCl 

media 

Ethanol extract of 

Mansoa alliacea  

Polarization and electrochemical impedance 

spectroscopy (EIS), 

Effective inhibition around 90%, 

modelling element with frequency 

dispersion behavior, the 

phytochemical constituents of the 

total extract were also established. 

[33] 
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