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I. INTRODUCTION 

The increasing industrialization and motorization of the 

world has led to a steep rise for the demand of petroleum-

based fuels which are obtained from limited natural 

reserves. These finite reserves are highly concentrated in 

certain regions of the world. Therefore, those countries not 

having or limited these resources, Nepal for example, are 

necessary to look for alternative renewable biofuels, which 

can be produced from biomasses/wastages available within 

the country. In such circumstances, different types of 

biofuels might have been high possibility for a complete or 

partial replacement of the natural petroleum products in the 

future, because they have very close properties to that of the 

petroleum products and are environmentally ecofriendly [1], 

[2]. They provide an improvement of exhausts gas emissions 

from internal combustion engine of transport vehicles 

without any significant sacrifices in terms of energy 

conversion efficiency. An interesting finding of biofuel uses 

over the conventional fuel in aircraft is recently reported to 

minimize the emission of soot benefitting human health and 

the environment [3]. 

Among the biofuels, bioethanol, biodiesel and their 

blends are becoming one of the emerging renewable energy 

sources of many countries including in Nepal, because of its 

superior position over the non-renewable energy sources of 

petroleum products [4]. Major automotive companies in the 

most developed countries have been used flexible fuel 

vehicles (FFVs), whose fuel system and engine parts are 

designed to run at any bioethanol blends even up to almost 

100 % bioethanol [5]. The components of the FFVs are 

made by those materials which are compatible even with the 

biofuels like flex bioethanol, biodiesel with petroleum 

products. 

Bioethanol produced from different types of biomasses is 

becoming nowadays one of the promising renewable 

biofuels, unlike non-renewable petroleum-based fuels. 

Bioethanol blended fuel is generally used as a gasoline 
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additive in ordinary vehicles in most parts of the world, 

where the fuel system and engine parts are mostly composed 

by the metallic substances like iron, copper and aluminum, 

and their alloys so on [6]. The global bioethanol industry has 

witnessed high growth primarily because of the mandatory 

usage of bioethanol fuel blends, especially in transportation 

vehicles in many countries those are looking for an 

alternative fuel source with less greenhouse gases (GHG) 

emissions. Moreover, researchers found that the tested 

exhausts from a flex-fuel gasoline vehicle using different 

ethanol-gasoline blends did not induce adverse cell 

responses in such exposure [7]. 

Bioethanol is mostly used in Brazil where about 20 % of 

cars burnt pure bioethanol (E100) and the rest of the car 

fleet has been adapted to use bioethanol-gasoline blends [8]. 

Also they want to achieve energy security by reducing their 

dependence on petroleum products [9]. It reported that 

bioethanol blends up to 20 % mixing with petrol could be 

used as biofuels without modifying of the existing vehicle 

engines [10]. It can run at a much higher exhaust gas 

recirculation rate and with higher compression ratios in 

spark ignition (SI) engines. Bioethanol blends serve as an 

oxygenation additive and help to increase the octane number 

of the fuel while simultaneously reduce the greenhouse gas 

emissions and other environmental pollutants [11] and hence 

the bioethanol and its blends are called good sources of the 

ecofriendly renewable energy. 

Previous studies verified a good performance of vehicle 

engines when using hydrated bioethanol instead of gasoline 

for aluminum metal [12], as well as a decreased in the 

emission of greenhouse gases [13]. An important point to 

keep up in mind when selecting such renewable energy of 

the bioethanol fuels for the use and transport is their 

corrosion properties. These biofuels and their blends are 

reported to be more corrosive than the petroleum products to 

the vehicles engine and fuel storage parts made by such 

metallic substances [14]−[22]. Besides, various types of 

corrosion problems, such as pitting, crevice corrosion, and 

stress corrosion crack might be existed in ethanol production 

process and hence it is suggested the diamond like coating 

(DLC) on steel container which use for the ethanol 

production [23]. 

In general, presence of small amounts of water, methanol, 

sulfur, sulfate, chloride so on are some of the triggering 

factors for the bioethanol and its blends corrosion to various 

metallic materials. Even a small water droplet might be a 

primary corrosion provoking factors in bioethanol blends 

and it was reported in the literature that the critical water 

concentration for the corrosion of stainless steel depended 

on the ratio of bioethanol and commercial gasoline [24], 

[25]. Bioethanol-gasoline blends can easily absorb large 

amounts of water because of the presence of bioethanol. 

Hence it reported that the E60 blend showed the highest 

corrosion activity in most cases [26]. In contrast, it reported 

that 0.05 to 0.1 % of water contents in bioethanol was found 

to be sufficient for the formation of protective oxide film on 

the surface of aluminum metal and it inhibited further 

corrosion process [27]. Similarly, oxygen was reported to be 

a primary contributor for the occurrence of the stress 

corrosion cracking in ethanol [28]. 

There are insufficient numbers of literatures providing 

information on the corrosive nature of bioethanol and its 

blends to various metallic materials. A study showed 

localized type of pitting corrosion on aluminum alloy in 

bioethanol blend of E10 at 100 °C [29] and it was 

recommended the upper bioethanol blend limit was E10 in 

fuels for ordinary motor vehicles. Aluminum alloy was 

found to be more corrosive in E20 than in E5 as well as E10 

[30]. Similarly, it was reported that the increase in the 

bioethanol content from E10 to E20 or higher resulted non-

linear corrosive effect on aluminum alloys [31] and in 

another study, pits and cracks were observed on the surface 

of AISI 4140 steel due to the decrease in oxidation stability 

of the bioethanol fuel [10]. The feasibility of bioethanol and 

biodiesel feed stocks, the compatibility of both bioethanol 

and biodiesels, and their blends to vehicle engines are 

recently reviewed [16]. Corrosion rate of metals in 

bioethanol blends with biodiesel and petro-diesel BDE was 

reported in the order: aluminum < mild steel < copper at 

both room and 60 °C temperatures [32]. In many instances, 

bioethanol is blended with gasoline in order to improve the 

chemical, physical as well as the corrosion resistance 

properties of the bioethanol fuel and to reduce the materials 

incompatibility and making it suitable for the automotive 

parts. 

As such, uses of biocompatibility and eco-friendly plant 

extracts as green corrosion inhibitors in biofuels and their 

blends are currently becoming one of the subjects of 

research for metals protecting against their corrosion which 

are exposed in biofuels, because researchers proved that 

different plant extracts showed a synergistic effect for 

minimizing of metals/alloys corrosion in different 

aggressive environments except in biofuels [33]−[40]. 

Corrosion scientists feel that the uses of different 

phytoconstituents originated from plant parts could be an 

effective anticorrosion additive for biofuels to 

minimize/control their corrosive nature to metals/alloys, 

although a very few research works had reported the effects 

of some plant extracts as the corrosion-resistant additives in 

biodiesel [15], [41]−[45], bioethanol [46]−[48], and their 

respective blends. 

Further studies on the effectiveness of different additives 

as green corrosion inhibitor, obtained from versatile plant 

parts such as; leaves of Vitex negundo, Catharanthus roseu, 

Aegle marmelos and Elaeocarpus ganitrus extracts are 

projected in this study to decrease the corrosiveness of 

bioethanol and its 15 % blend. The leaf, out of all parts of 

the plant, has the utmost preference for its abundance of 

phytochemicals (active components) produced through 

synthesis, which acts similarly to commercial inhibitors 

although extract of other parts of plants, i.e., root, stem, 

bark, seed etc have contributed to the inhibition efficiency. 

Vitex negundo (English: Chaster tree & Nepali: SIMALI) 

belonging to Verbenaceae family, is a small plant distributed 

throughout the lower part of Himalayan regions of Nepal 

and is used as animal fodder to Ayurvedic medicine in 

Nepal [49]. As reported previously that the methanol extract 

of the Nepalese origin V. negundo leaf contained eight 

major compounds of negundoside, agnuside, vitegnoside, 

7,8 dimethyl herbacetin 3-rhamnoside; 5,3'-dihydroxy-

7,8,4'-trimethoxy flavanone; 5-hydroxy-3,6,7,3',4'-

pentamethoxy flavones; 5,7 dihydroxy- 6,4' dimethoxy 
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flavonone and 5 hydroxy-7,4' dimethoxy flavones [50]. 

Moreover, the methanol extracts of V. negundo leaves 

collected from different parts of the world had yielded polar 

organic phyto-constituents like phenols, alkaloids, steroids, 

glycosides, flavonoids and so on [51]−[53]. 

On the other hand, Catharanthus roseus, Periwinkle in 

English and SADABAHAR in Nepali belonging 

Apocynaceae family, is a perennial herbal or undershrub 

that grows up to one meter tall in subtropical areas. Its 

extract is rich in organic phytochemicals such as alkaloids, 

polyphenolic compounds and flavonoids. It produces over 

100 alkaloids and significant amounts of bioactive 

compounds, which are used as a folk medicine [54]. C. 

roseus produces vinblastine (branded named as velban) and 

vincristine which extracted from the C. roseus generally 

utilized in treating Hodgkin’s disease, testicular tumors, 

breast carcinoma, choriocarcinoma, Kaposi sarcoma acute 

lymphocytic leukemia, lymphosarcoma, lympho-

granulomatosis and in solid infant tumors so on [55], [56]. It 

contains several functional entities such as fused 

heterocycles, hydroxyl and carbonyl groups which enhanced 

the corrosion inhibition action for mild steel in NaCl [57] 

and HCl [58] media. 

Similarly, Aegle marmelos (BEAL in Nepali belonging to 

Rutaceae family), a moderate-sized, slender and aromatic 

tree growing in tropical to subtropical climates, is famous 

for its folk medicinal values in the most South Asian 

countries including Nepal. The methanol extract of A. 

marmelos leaf revealed the presence of more than three 

dozens of biologically active chemical constituents such as 

alkaloids, flavonoids, alcohols, aldehydes, aromatic 

compounds, fatty acid methyl esters, terpenoids, phenolics 

and steroids [59]−[63], whereas the potential 

pharmacological activities of the leaf extracts are reported to 

be hypoglycemic, anti-inflammatory, antimicrobial, 

anticancer, radioprotective, chemopreventive and anti-

oxidative activity so on [64]−[67]. 

Besides, Elaeocarpus family has about 360 species 

worldwide and out of this, 26 species are reported in Nepal 

alone [68]. E. ganitrus is one among these 26 species of 

Elaeocarpaceae family plant which is evergreen broad-

leaved tree [69], and found mostly in Eastern hilly districts 

of Nepal. Its fruits and leaves are known for various 

medicinal values and used in traditional Ayurveda for the 

treatment of various diseases. It was reported that seven 

Elaeocarpus species contained alkaloids, flavonoids and 

other phenolic constituents in their leaves [70]−[72]. It was 

also reported that 85 % of the antioxidant properties of the 

methanol/ethanol extract of E. ganitrus leaves was reported 

due to the contribution of phenolic and flavonoid 

components [73]. 

However, it has not yet reported one of the promising 

aspects of these four plant extracts as a corrosion inhibitor in 

bioethanol and its blends to minimize their corrosive nature 

to different metallic materials which are widely used in the 

transportation means and the petroleum storage systems, 

although these plant extracts had used as green inhibitors for 

corrosion controlling of metals and alloys in corrosive 

environments other than bioethanol and its blends [35], 

[74]−[76]. For examples, the corrosion inhibitive 

performance of V. negundo leaf extract in nitric acid for 

copper metal [37] and in alkaline solution for aluminum 

metal [74] was investigated. The phytochemicals of C. 

roseus extract were tested as good corrosion inhibitor for 

mild steel in aqueous 3.5 % NaCl [37], [57] and 1 M HCl 

[58] solutions. 

Previous findings suggested that the compounds derived 

from A. marmelos fruit extracts are effective green corrosion 

inhibitors for carbon steel in HCl acid. In such 

circumstances, this research work aimed to carry out the 

assessment study on the effects of methanol extracts of Vitex 

negundo, Catharanthus roseu, Aegle marmelos and 

Elaeocarpus ganitrus plants on the mild steel corrosion in 

pure bioethanol (E100) and its 15 % blend (E15) with 85 % 

Euro-4 grade gasoline E100 using static corrosion rate, 

inhibition efficiency and electrochemical tests in airtight 

glass container at 25±2° C. 

 

II. MATERIALS AND METHODS 

A. Preparation of Sample Coupon and Plant Extract 

Mild steel sample specimens having the size of about 

3 cm × 2 cm × 0.5 cm were prepared for static immersion, 

inhibition and electrochemical tests. Chemical components 

of the mild steel specimen are approximately as (wt %); 

C=0.17, P=0.05, Si=0.04, Mn=0.90, S=0.05 and balance by 

iron [37]. Surface of each specimen was mechanically 

polished using 200-1500 grit numbers SiC paper in ethanol, 

rinsed with acetone and air-dried until the surface exhibited 

mirror like reflection in order to obtain reproducible results. 

Commercially available pure bioethanol (E100) and Euro-

4 grade gasoline (E0), and their blend (E15) containing 

15 % (v/v) bioethanol with gasoline were used as precursors 

for the preparation of electrolytes containing 500, 1000, 

1500 and 2000 ppm of each four plants extract for electro-

corrosion tests. The methanol extracts of the dried leaf 

powder of each plant of V. negundo, C. roseu, A. marmelos 

and E. ganitrus were obtained by Soxhlet extraction method 

and the extracts were added in E100 and E15 as green 

corrosion inhibitors.  

B. Study of Corrosion Inhibition and Mechanism 

Average uniform corrosion rate (millimeter/year) of the 

mild steel specimens in both E100 and E15 in absence and 

presence of 500, 1000, 1500 and 2000 ppm of each four 

plants extract was estimated at different exposure time 

durations using equation (1) [77], where w, d and A are the 

weight loss, density, area of the sample specimens, 

respectively, and t is immersion time. For comparison, the 

average corrosion rate of the mild steel in E0 was also 

estimated. The static immersion test for the determination of 

the average corrosion rate of the sample specimens was 

carried out in an airtight glass containers filled with each 

100 mL electrolytic solution at temperature of 25±2 °C. 

 

)1(  
)hr(×t)cm(×A)cm/g(d

87600×)g(Δw
) =Rate (mm/yCorrosion 

23

 
 

Corrosion inhibition efficiency (IE%) and degree of 

surface coverage (θ) were obtained from corrosion data 

using equations (2) and (3), respectively [78], in absence 
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(CRo) and presence (CRPE) of different concentrations of 

each plant extract (PE). It is worthy to cite here that all the 

calculations of θ from the corrosion rates are based on the 

belief that the plant extract used as corrosion inhibitor 

totally prevents metal dissolution from the covered surfaces 

of the corroded metals [79]. The corrosion inhibition process 

was studied using both adsorption isotherms of Langmuir 

[80] and Temkin [81] relations, as equations (4) and (5), 

respectively. 

 

(2)                                   100
CR

CRCR
   IE

o

PEo
% 

−
=  

 

(3)                                                
CR

CRCR
   

o

PEo −=  

 

(4)                                           C
K

1
   

C
PE

ads

PE +












=


 

 

( )
(5)   C log 

b

RT2.303
Klog

b

RT303.2
  PET


+


=

 
 

where, CPE is the plant extract concentration and Kads is the 

adsorptive equilibrium constant, KT is Temkin isotherm 

constant, R is gas constant and T is absolute temperature, 

and b is Temkin constant which is related to the heat of 

adsorption. The plot of θ versus log CPE gives a straight line 

that would confirm Temkin adsorption isotherm and this 

model takes into account the effect of indirect adsorbate-

adsorbent interactions on the adsorption process. It is also 

assumed that heat of adsorption of all inhibitor molecules of 

plant extract in the layer decrease linearly as a result of θ 

increases [82].  

C. Polarization Measurement 

Polarization tests of the mild steel specimens was carried 

out in bioethanol and it 15 % blend in absence and presence 

of plant extract concentrations 25° C, open to air using a 

Hokuto Denki A-151 model potentiostat / galvanostat. The 

potentiodynamic polarization measurement was carried out 

at 30 mV/min sweep rate after 30 minutes immersion in the 

respective electrolytic solutions. The mechanically polished 

mild steel specimens, a saturated calomel electrode (SCE) 

and platinum mesh were used as working, reference and 

auxiliary electrodes, respectively, and thence the unit of all 

potential hereafter is expressed with reference to SCE. 

 

III. RESULTS AND DISCUSSION 

A. Effect of Plant Extract on Corrosion Inhibition and 

Mechanism 

Estimated average corrosion rate of the mild steel in E0 is 

remarkably lower than in E100 and E15 after exposure times 

up to 2330 hours at 25±2 °C in air tight condition, as 

depicted in Fig. 1. The corrosion resistance property of the 

mild steel is in the order: E100 < E15 < E0. With increasing 

the bioethanol concentration in gasoline the corrosion rate of 

mild steel is increased with increasing the bioethanol 

concentration in commercial petrol (gasoline). The result 

indicates that pure bioethanol has the greatest susceptibility 

to corrosion for the mild steel among three types of fuels, 

because conductivity and ability of the bioethanol blend to 

absorb water increases with increasing the bioethanol 

content in gasoline, and the resulting biofuel becomes more 

corrosive [26]. 

Similar behavior of the corrosive degradation of metals in 

biodiesel-petrodiesel-bioethanol blends was reported lower 

than pure biodiesel, whereas higher than petrodiesel [83]. In 

another studies, the increase of water concentration in fuel-

grade ethanol prompted the pitting corrosion loss of 

different types of steel [84]. Results showed that the water in 

the ethanol strongly influenced the surface film stability and 

interface electrochemistry in ethanolic environments. To 

minimize such type of high corrosivity of bioethanol and its 

blends and bring close to that of gasoline at the minimum or 

less, present work further study the effects of four different 

plants extract in both E100 and E15 to reduce their 

corrosivity rate for the mild steel. Hence, the effect of 500, 

1000, 1500 and 2000 ppm of the methanol extract of each V. 

negundo, C. roseu, A. marmelos or E. ganitrus leaves in 

both E100 and E15 was studied to know the corrosion 

behavior of mild steel using immersion, inhibition efficiency 

and polarization tests. 

 

 
Fig. 1. Change in corrosion rate of the mild steel (MS) in E100, E15 and E0 

at 25±2 °C in airtight condition, as a function of immersion time. 

 

Corrosion rate of the mild steel is decreased to a large 

extent with increasing the amounts (i.e., 500, 1000, 1500 

and 2000 ppm) of V. negundo extract in E100 at 25±2 °C in 

air tight condition which is also lower corrosion rate than in 

E100 and even lower than in E0, as shown in Fig. 2. 

Furthermore, the corrosion resistance property of the mild 

steel is increased with increasing the exposure time up to 

2330 hours in all electrolytic solutions. 

The similar synergistic effect of lower corrosion-resistant 

of the mild steel in E100 and E15 biofuels with additions 

1000-2000 ppm V. negundo plant extract than in pure 

gasoline (E0) was observed from the estimated average 

corrosion rates at different immersion times, as summarized 

in Table I. However, the corrosion rate of the mild steel in 

E100 and E15 with additions of 500-2000 ppm of C. roseus, 

A. marmelos and E. ganitrus plant extracts did not lowered 

that in E0, although they enhanced remarkably the corrosion 

resistance property in both biofuels. These results revealed 

that leaf extract of each four plants act as a good green-

based inhibitor to minimize/control the electrochemical 
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corrosion of mild steel in E100 and E15 at room 

temperature. 

 

 

Fig. 2. Change in corrosion rate of the mild steel in E100 without and with 

different amounts of V. negundo extract at 25±2 °C in airtight condition, as 

a function of immersion time. 

 

As a further matter, changes in the corrosion inhibition 

efficiency (IE) of each four green-based plants extract on the 

mild steel in E100 and E15 biofuels was studied and the 

results are depicted in Figs 3(a) and 3(b). In the addition up 

to 500 ppm of the plant extract in both biofuels, the IE is 

increased in most cases at a steep angle and it is found to be 

increased with further increase of the plant extract 

concentration up to 2000 ppm. Maximum IE in 2000 ppm 

addition of each V. negundo, C. roseus, A. marmelos and E. 

ganitrus extract in E100 for mild steel was found about 

89%, 75%, 70 % and 51%, respectively, while it was about 

86%, 72%, 57% and 40%, respectively, in E15 blend, as 

shown in Fig. 3(a) and 3(b). 

 

 
Fig. 3. Changes in the corrosion inhibition efficiency for mild steel after its 

exposure for 2330 hours in (a) E100 and (b) E15 at 25±2 °C, as a function 

of the concentration of four plants extract. 

Consequently, the corrosion inhibition efficiency of the 

methanol extracts of these plant species in E100 and E15 for 

the mild steel is arranged in order as; IE(E100+V.negundo) ≥ 

IE(E15+V.negundo) > IE(E100+C.roseus) ≥ IE(E15+C.roseus) > 

IE(E100+A.marmelos) > IE(E15+A.marmelos) > IE(E100+E.ganitrus) > 

IE(E15+E.ganitrus). Therefore, it can be reasoned out from these 

results that the methanol fraction of V. negundo plant extract 

seems to be the most efficient additives in both E100 and 

E15 for controlling of their corrosive nature to mild steel, 

while E. ganitrus leaf extract assumed to be least effective 

corrosion inhibitor among the used four plants extract. 

These results are in agreement with the results of corrosion 

tests, as depicted above in Fig. 2 as well as summarized in 

Table I. 

Furthermore, for V. negundo and C. roseus plants extract, 

the IE values in both E100 and E15 biofuels are comparable 

and almost same, even a very slightly lower in E15 than in 

E100, as shown in Fig. 4. This means both V. negundo and 

C. roseus plant extracts have almost the same degree of 

corrosion inhibition effect to increase the corrosion 

resistance properties of the mild steel in pure bioethanol and 

its 15 % blend at room temperature. However, to some 

extent, the remaining two plants (i.e., A. marmelos & E. 

ganitrus) extract has remarkably higher IE activities in E100 

than in E15. 

 

 
Fig. 4. Comparable corrosion inhibition efficiencies of V. negundo and C. 

roseus extracts in E100 and E0 biofuels for mild steel. 
 

The most effective corrosion inhibition efficiency of both 

the V. negundo and C. roseus extracts in bioethanol and its 

blend is most probably due to the presence of ample 

amounts of hetero atoms and aromatic ring compounds as 

the major phyto-constituents in these two plants comparison 

with the remaining A. marmelos and E. ganitrus plants. For 

example, abundant amounts of eight major ring compounds 

of flavonoids reported in methanol extract of Nepal origin V. 

negundo leaf in literature [50]. Similarly, the main alkaloids 

in C. roseus plant are reported as; vincristine, vindolicine, 

anhydrovinblastine, ajmalicine, tabersonine, catharanthine, 

vindoline, vinblastine, and ajmalicine so on, which are 

aromatic ring compounds [55]. 
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TABLE I: ESTIMATED CORROSION RATE OF MILD STEEL IN BIOETHANOL AND ITS BLEND WITH AND WITHOUT FOUR PLANTS EXTRACT CONCENTRATION 

Extract concentration, 

CPE (ppm) 

Time 

(hrs) 

CRE100 

(mm/y) 

CRE15 

(mm/y) 

CRE0 

(mm/y) 

      

0 360 0.00213 0.00137 0.00027       

 720 0.00163 0.00110 0.00024       

 1440 0.00123 0.00095 0.00021       
 2330 0.00101 0.00085 0.00019       

  V. negundo C. roseus  A. marmelos E. ganitrus 

  CRE100 

(mm/y) 

CRE15 

(mm/y) 

CRE100 

(mm/y) 

CRE15 

(mm/y) 

Time 

(hrs) 

CRE100 

(mm/y) 

CRE15 

(mm/y) 

CRE100 

(mm/y) 

CRE15 

(mm/y) 

500 336 0.00055 0.00052 0.00142 0.00081 360 0.00092 0.00079 0.00112 0.00098 
 1008 0.00036 0.00038 0.00079 0.00051 720 0.00069 0.00067 0.00102 0.00089 

 1344 0.00031 0.00043 0.00076 0.00053 1440 0.00062 0.00065 0.00087 0.00077 
 1824 0.00031 0.00040 0.00074 0.00049 2330 0.00062 0.00064 0.00080 0.00072 

 2330 0.00031 0.00031 0.00059 0.00051      

1000 336 0.00041 0.00042 0.00092 0.00060 360 0.00078 0.00074 0.00099 0.00088 

 1008 0.00024 0.00025 0.00056 0.00042 720 0.00059 0.00061 0.00086 0.00077 
 1344 0.00023 nd 0.00054 0.00035 1440 0.00054 0.00059 0.00074 0.00071 

 1824 0.00022 0.00024 0.00049 0.00036 2330 0.00049 0.00051 0.00067 0.00064 

 2330 0.00022 0.00018 0.00044 0.00037      

1500 336 0.00028 0.00030 0.00081 0.00059 360 0.00064 0.00057 0.00076 0.00069 

 1008 0.00020 0.00020 0.00044 0.00040 720 0.00054 0.00050 0.00074 0.00067 

 1344 0.00019 0.00020 0.00036 0.00032 1440 0.00050 0.00047 0.00064 0.00063 
 1824 0.00017 0.00019 0.00037 0.00032 2330 0.00041 0.00045 0.00059 0.00058 

 2330 0.00015 0.00015 0.00034 0.00029      

2000 336 0.00021 0.00024 0.00056 0.00056 360 0.00048 0.00042 0.00069 0.00064 

 1008 0.00015 0.00016 0.00039 0.00032 720 0.00040 0.00038 0.00061 0.00056 
 1344 0.00015 0.00016 0.00031 0.00031 1440 0.00038 0.00036 0.00056 0.00053 

 1824 0.00013 0.00015 0.00029 0.00027 2330 0.00031 0.00036 0.00050 0.00051 

 2330 0.00012 0.00012 0.00026 0.00024       

CPE=Concentration of plants extract as inhibitor; nd=not determined; CR=corrosion rate; E100=bioethanol; E15=15% bioethanol blend 

 

For the effectual use of corrosion inhibitors, it is 

important to know their action mechanism for the materials 

in the given environments. To choose an efficient inhibitor, 

it is necessary to consider several factors including 

environment properties, inhibitory properties, the potential 

presence of anticorrosion agents, and others. For such 

reasons, various adsorption isotherm equations are 

practically applied for better understanding of the corrosion 

inhibiting actions to metals by plant extracts in corrosive 

electrolytes [82], [85]. Langmuir and Temkin isotherms are 

some of the simplest adsorption models which describe the 

molecular interaction between the inhibitor molecules and 

the active surfaces of the corroded metallic materials based 

on the assumption that all adsorption sites are equivalent and 

the particle binding occurs independently from nearby sites 

being occupied or not [80], [81]. 

Specially, the Temkin isotherm model presumes as: the 

heat of adsorption of the surface molecules decreases 

linearly rather than logarithmically with coverage, the 

adsorption process is characterized by a uniform distribution 

of binding energies at the adsorbent surface and this model 

covers the adsorbate-adsorbent interaction [86], [87]. The 

liner forms of the Langmuir and the Temkin adsorption 

equations, as given above in equations (4) and (5), 

respectively, were applied to explain the inhibition 

mechanism of the plant extract for the mild steel corrosion 

control in both E100 and E15 biofuels. 

Fig. 5(a) and 5(b) show the Langmuir adsorption plots for 

the mild steel in both E100 and E15 with 500-2000 ppm of 

each four plant extracts, respectively, which were obtained 

by plotting the ratio of the extract concentration (CPE) to 

surface coverage (θ) and the CPE. A linear correlation 

coefficient (R2) is almost equal to unity in all cases which 

indicate that the adsorption process obeys Langmuir 

adsorption isotherm to study the corrosion controlling 

mechanism of the mild steel by the green-based plant 

extracts in both biofuels of E100 and E15 at 25±2 °C in 

airtight condition. 

 

 
Fig. 5. Langmuir isotherm plots for the mild steel in (a) E100 and (b) E15 

biofuels with different concentrations of plant extracts after immersion for 

2330 hrs at 25±2 °C in airtight condition. 

 

Furthermore, favorability of such adsorption process was 

confirmed from the calculation of a dimensionless 
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separation factor (RL) [88], which was found between 1 and 

0. Hence, the corrosion controlling mechanism of the mild 

steel in both biofuels of E100 and E15 with different 

amounts of the four plants extract can be explained by the 

formation of a stable and diffusion barrier metal-oxide layer 

formed on the surface the mild steel samples at 25±2 °C in 

airtight condition. 

Similarly, plot of θ versus log CPE gave a straight line 

which could confirm the Temkin adsorption isotherm for the 

adsorption of V. negundo, C. roseus, A. marmelos and E. 

ganitrus extracts as green-based inhibitors in E100 and E15 

at 25±2 °C in airtight condition, as shown in Fig. 6(a) and 

6(b), respectively. This implies that the adsorption behavior 

of such plant extracts on the surface of the mild steel is 

described by Temkin isotherm. In fact the applicability of 

Temkin adsorption isotherm verified a monolayer 

adsorption of the green inhibitors on the uniform surface of 

mild steel [35], [81]. These results indicated that the 

adsorption process obeyed both the Langmuir and Temkin 

adsorption isotherms to study the corrosion inhibition 

mechanism on the surface of the mild steel sheet by green 

corrosion inhibitors of V. negundo, C. roseus, A. marmelos 

and E. ganitrus plant extracts in E100 and E15 biofuels. 

 

 
Fig. 6. Temkin isotherm plots for the mild steel in (a) E100 and (b) E15 

biofuels with different concentrations of plant extracts after immersion for 

2330 hrs at 25±2 °C in airtight condition. 

 

Oxygen-, nitrogen-, sulfur- and phosphorus-based organic 

compounds constituted in these plant extracts are thus 

adsorbed on the surfaces of the mild steel which prevent 

from their corrosion by forming a barrier layers [89], 

because such constituents of plants have shielding effect and 

corrosion-inhibiting potentials for material attack. Their 

increasing order of corrosion inhibition efficiency has been 

stated to be oxygen < nitrogen < sulfur < phosphorus [90]. It 

is substantive to cite here that amine-based inhibitors were 

reported the formation of corrosion protective layers onto 

the metal surface by adsorption phenomena occur either 

through a metal–nitrogen bonding via π electrons by 

chemisorption or with a protonated amine by the formation 

of a hydrogen bond to the metal surface [91]. 

B. Polarization Study 

Dynamic test of the potentiodynamic polarization in 

additions of the static corrosion tests was also carried out in 

both E100 and E15 without and with the extract 

concentration for a comprehensive knowledge about the 

passivity of the mild steel. Fig. 7 shows the anodic 

polarization curves of the mild steel in E100 and E15 fuels 

at 25 °C. Corrosion potential (ϕcorr) of the sample specimen 

in E100 is slightly noble direction than in E15. Anodic 

current density is lower in E100 than in E15 indicating a 

more stable anodic passive film formed on the surface of 

mild steel in pure bioethanol than its 15 % blend. However, 

the corrosion resistance property of the mild steel in E100 

was slightly higher than in E15 blend as shown above in 

Fig. 1. These results indicated that the improvement of the 

corrosion resistance properties of the mild steel in E15 

bioethanol blend is mostly controlled by the cathodic 

reactions. In previous works, similar behavior of mild steel 

degradation in bioethanol and it blends [26], and aluminum 

and copper metals in pure biodiesel and its 10 % blend [15] 

described. 

 

 
Fig. 7. Anodic polarization curves for mild steel specimen in E100 and 

E15 at 25 °C. 

 

Influences of 500-2000 ppm of the green-based plant 

extracts in E100 and E15 on the anodic passivity of mild 

steel were studied at 25 °C, and the results are summarized 

in Fig. 8 and 9. Figures 8 (a) and 8(b) show the effect of the 

methanol extract of A. marmelos plant on the passivation of 

the mild steel in E100 and E15 biofuels, respectively. The 

ϕcorr of the mild steel specimen shifted slightly to the noble 

direction with the addition of 500-2000 ppm A. marmelos 

extract in both biofuels of E100 and E15. Also, the anodic 

current density is decreased with increasing the A. marmelos 

concentrations in both E100 and E15 biofuels. The lowest 

current density observed for the mild steel in both biofuels 

with the additions of 1500 ppm and 2000 ppm of the plant 

extract. Consequently, it can be said that the anodic 

passivity of the mild steel is enhanced and a stable anodic 

passive film is formed on the surface of it in both E100 and 
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E15 biofuels with the additions of different concentrations 

of the green-based V. negundo extract as an effective 

corrosion inhibitor. 

However, as shown in Fig. 8(b), the anodic passivity of 

the mild steel is significantly enhanced only to a certain 

anodic polarization beyond which trans-passive dissolution 

of the passive film formed on the surface of mild steel took 

place. Substantially, the results of corrosion potential 

shifting to noble direction, and decreases of the anodic 

current density as well the corrosion rate with the addition 

of 500-2000 ppm A. marmelos extract concentrations 

revealed that the plant extract acts as an anodic type of 

green-based inhibitor for mild steel corrosion in both 

biofuels of E100 and E15 at 25 °C. 

 

 
Fig. 8. Effects of Vitex negundo plant extract on the anodic passivation 

of the mild steel in (a) E100 and (b) E15 at 25 °C. 

 

Similarly, the effects of 500, 1000, 1500 and 2000 ppm of 

E. ganitrus leaf extract on the anodic passivity of the mild 

steel in E100 at 25 °C was studied using potentiodynamic 

polarization measurements. The ϕcorr of the mild steel is 

shifted to more positive direction and shows lowest current 

density with the addition of 500 ppm E. ganitrus extract in 

E100. Furthermore additions of 1000 ppm, 1500 ppm and 

2000 ppm E. ganitrus extract in E100, the corrosion 

potential is slightly shifted to less noble ϕcorr value and the 

current density is also slightly increased with increasing the 

extract concentrations than in 500 ppm. However, the ϕcorr 

and the current density values are located between those in 

E100 without and with 500 ppm E. ganitrus extract 

concentration, as shown in Fig. 9. Consequently, it can be 

said that the anodic passivity of the mild steel is enhanced 

and a more stable anodic passive film is possible to form in 

E100 with 500 ppm E. ganitrus extract. 

It is noticed from the static immersion tests as shown 

above in Fig. 4 that the corrosion rate of the mild steel 

increases with the additions of 500 to 2000 ppm of the plant 

extract in E100. These results revealed that the extract of E. 

ganitrus function as a mixed type inhibitor to control the 

mild steel corrosion in E100 at room temperature. Much 

alike behavior of the inhibitive effects of Ficus carica leaves 

extract in petroleum [92] and root extract of Alkana tinctoria 

plant in 0.5 M H2SO4 solution [93] on steel reported which 

showed the maximum corrosion inhibition efficiency of 70-

80 % followed by Langmuir adsorption isotherm and acted 

as mixed type inhibitors. 

 

 
Fig. 9. Effects of the methanol fraction of Elaeocarpus ganitrus leaf 

extract on the passivity of the mild steel in E100 at 25 °C. 

IV. CONCLUSION 

Inhibition effect of the methanol extract of four Nepal 

origin plants (i.e., Vitex negundo, Catharanthus roseus, 

Aegle marmelos and Elaeocarpus ganitrus) on the corrosion 

susceptibility to mild steel was investigated in E100 and E15 

biofuels at 25±2° C in airtight condition using static 

immersion, inhibition mechanism and anodic polarization 

test. Following outcomes of the present investigation are 

point wisely summarized as. 

1. Corrosion-resistant property of the mild steel in pure 

gasoline (E0) is remarkably lower than in bioethanol and 

its blend with 85 % gasoline. Susceptibility to corrosion 

of the mild steel in E00 and E15 is found to be nearly 

one order of magnitude higher than in E0. 

2. The leaf extracts of all four plants used in this study 

acted as a good green-based corrosion inhibitor to 

increase the corrosion resistance properties of the mild 

steel exposed for more than three months in bioethanol 

and its blend at room temperature in airtight condition. 

3. In particular, the corrosion-resistant behavior of the mild 

steel with separate addition of 1500-2000 ppm Vitex 

negundo extract in both E100 and E15 biofuels is found 

to be higher than in E0. 

4. Langmuir and Temkin adsorption studies suggest that 

the phytochemical constitutes of each of the four plants 

leaf extracts are physically adsorbed on the mild steel 

surface. 

5. These plants extract showed the maximum inhibition 

efficiency as; IE(E100+V.negundo)=89% > IE(E15+V.negundo)=86 

% > IE(E100+C.roseus)=75 % > IE(E15+C.roseus)=72 % > 

IE(E100+A.marmelos)=70% > IE(E15+A.marmelos)=57 % > 
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IE(E100+E.ganitrus)=51 % > IE(E15+E.ganitrus)=40 %, indicates 

that the methanol extract of V. negundo leaf as 

comparson with other three plants extracts could be used 

as an efficient additive in both E100 and E15 biofuels to 

control their corrosive nature significantly to the mild 

steel. 

6. C. roseus, A. marmelos and E. ganitrus extracts have also 

good anti-corrosion properties for mild steel in bioethanol 

and its blend fuels at room temperature in airtight 

condition. 

7. The electrochemical corrosion and polarization studies 

suggested that extract of the E. ganitrus leaf acts as a 

mixed type of the green-based corrosion inhibitor in E100 

at room temperature, while the A. marmelos extract acts 

as an anodic type inhibitor to control the mild steel 

corrosion in both E100 and E15 fuels at 25 °C. 

8. All the obtained results agree that the four plant extracts 

could be promising for the formulation of effective, eco-

friendly anti-corrosion biofuel-additives to retard their 

corrosion susceptibility on mild steel, especially in 

bioethanol and its 15 % blend with gasoline. 

9. Future research needs to expand more for utilization of 

these plant extracts as biofuels additives are also 

envisioned.  
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