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Abstract: 

The inhibitive effect of Musa paradisiaca (plantain) leaf extract was studied using the weight 

loss method. Musa paradisiaca Leaf Extract with concentrations of 1g/L, 2g/L, 3g/L, 4g/L, 

and 5g/L was investigated at temperatures 303K, 313K, 323K, and 333K. The inhibition 

efficiency was found to increase with increasing inhibitor concentration. Also, in the 

investigation of the effect of temperature on the corrosion inhibition of C-1026 steel with 

Musa paradisiaca Leaf Extract, the Corrosion rate was observed to increase with the 

increase in temperature and consequently a decrease in the inhibition efficiency. The highest 

inhibition efficiency of 90 % was obtained at 303K with an inhibitor concentration of 5g/L 

while the lowest inhibition efficiency was 60% at 333K with an inhibitor concentration of 

1g/L. The adsorption behavior of the inhibitor better suited the Langmuir adsorption model. 

Thermodynamic data calculated are suggestive of the physical adsorption of the inhibitor 

molecules on the C-1026 steel surface. 
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1. INTRODUCTION: 

Prevention of corrosion on metals remains one of the critical aspects of engineering 

production processes. Corrosion has a huge economic impact on industrial activities as 

companies spend billions of dollars annually on maintenance, replacement of facilities, and 

damages due to corrosion. The corrosion of metals such as low carbon steel remains a serious 

problem in many industries, especially during processes such as the pickling of steel, acid 

washing, and etching[1]. Metallic materials are very reactive with their environment, and this 

is largely due to the energy acquired at the refining stage of the metals. These metals react 

with water, air, and every other element or substance giving out energy through oxidation to 

return to their ground state or ore form[2].  

The energy gained during the melting process and released during corrosion drives the 

potential for the corrosion to take place. Since most metallic substances, most especially 

corrosion products, have poor mechanical strength, a badly corroded piece of metal is not 

useful for its original purpose [3]. Metals such as Magnesium, Aluminium, Zinc, and Iron 

require a larger energy capacity for refining and are more susceptible to corrosion than metals 

that require minimal capacity for refining such as gold, silver, platinum [4]. 

Corrosion poses a huge threat to the environment and the surfaces of national infrastructure 

like highways, bridges, buildings, chemical processing units, wastewater treatment, and 

virtually all metallic objects in our day-to-day use [5]. Material losses from corrosion of 

metals interfere with environmental and human safety. Awareness of corrosion preventive 

measures and timely adoption of interventional methods adequate to control corrosion holds 

the key to the halting of corrosion failures[6]. 

 

Corrosion is the depletion of metal by chemical aggression or reaction with its environment 

[7]. It is a dynamic and evolving challenge, difficult to eradicate. Often time prevention is 

easily more practical and achievable than complete or total eradication. Corrosion processes 

develop rapidly and thereafter destroys the protective layer and are followed by multiple 

reactions that change the composition and metallurgical properties of both the metal first 

layer and the local environment. For example, formation of oxides, and diffusion of metallic 

cations into the protective matrix, local pH changes, and electrochemical potential[8]. Acid 

solutions are largely applied in industrial acid processes like cleaning, acid pickling, and oil 

well acidizing, requiring the use of corrosion inhibitors to forestall corrosion disruption on 

metallic materials. 

Corrosion is a degradation process of materials by chemical interaction with their environment. 

The simple use of the word implies electrochemical oxidation of metal in reaction with an 

oxidant such as oxygen [9]. Corrosion is a major challenge in desalination plants as well as 

other industrial installations. Most metallic structures in application in seawater (ships, oil 

platforms, pipelines, etc.) are mostly made of mild steel (low-carbon and its alloy)[10]. 

Corrosion and abrasion in piping, tanks, and process equipment are due to salt content in the 

water. Protecting these industrial assets from the effects of exposure to seawater is a critical 

problem for corrosion engineers globally. 

2. EXPERIMENT 

2.1 Material Preparation 

Steel grade C-1026 solid cuboids were machined in Mechanical Engineering Laboratory, 

Niger Delta University Wilberforce Island, Bayelsa State, and utilized for the research. They 
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were cut and shaped into cuboid-shaped coupons with dimensions of 17mm x 10mm x 10mm 

each, using gas cutting techniques. Further machining and grinding were done and the 

surfaces were smoothened using sandpaper (rough and smooth). The filling was also done for 

a polished surface finish. The C-1026 coupons were washed with distilled water, further 

surface cleaning was done with acetone, dried, and weighed before experiments. The 

chemical composition of C-1026 coupons is presented in table 2.1.    

 

Table 2.1: Shows percentage composition of C-1026 steel used for the research 

Fe Mn Ti As Cu C 

98.88 0.80 0.17 0.07 0.07 0.29 

 

2.2 Preparation of Plant Extracts 

Musa paradisiaca leaves were obtained from the Yenezuegene area of Yenagoa Metropolis 

and were blended with an industrial grinder into paste-like form. The liquid extract was 

obtained by squeezing and filtration of the paste. The filtrate obtained was utilized as the 

inhibitor.  The preparation of the inhibitor followed the process as described by [11].   

2.3 Weight Loss Measurement 

Weight loss measurement is a simple and reliable method for  

many corrosion monitoring programs. From the data obtained, parameters such as corrosion 

rate (CR) in mmpy, Inhibition efficiency (IE), and surface coverage (θ) were calculated using 

equations (3.1), (3.2), and (3.3) 

                                                                  𝐶𝑅 =  
87.6𝑊

𝑡𝐴𝑑
                                           (3.1) 

                                                     Where W = W1 – W2 

                                                                 %𝐼𝐸 =  
𝐶𝑅𝑜− 𝐶𝑅𝑖𝑛 ℎ

𝐶𝑅𝑜
 × 100                       (3.2) 

                                                                  𝜃 =  
𝐶𝑅𝑜− 𝐶𝑅𝑖𝑛 ℎ

𝐶𝑅𝑜
                                (3.3) 

where W is the weight loss of C-1026 steel in grams, A is the area of coupon in mm
2
, d is the 

density in g/cm
3
, and t the total immersion time in min, while CR is the corrosion rate of C-

1026 steel in the absence and presence of the inhibitor, CRinh is corrosion rate of the inhibited, 

and CRo is the corrosion rate of the uninhibited. This process was repeated for 303K, 313K, 

323K, and 333K, temperatures to investigate the thermodynamic characteristics of Musa 

paradisiaca and determine the inhibitor adsorption isotherm. 

3.RESULTS AND DISCUSSION 

 

3.1 Phytochemical Components of Musa paradisiaca leaf extract 
Functional groups present in Musa paradisiaca Leaf Extract, probably responsible for the 

inhibition effect. Components of leaf extract include; oxalates, hydrocyanic acid, tannins, 

phytates, flavonoids, saponins, alkaloids, and steroids [12]. 
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3.2 The Effect of Musa paradisiaca Leaf Extract on the Weight Loss of C-1026 Coupons 

in Hydrochloric acid 

 

Figure 3.1, shows a weight loss of the steel grade C-1026 coupon in hydrochloric acid with 

and without Musa paradisiaca leaf extract for different temperatures and concentrations. 

 

It is evident that the Musa paradisiaca Leaf Extract inhibits the corrosion of C-1026, at all 

concentrations (1g/L – 5g/L). It shows that C-1026 steel coupons were protected to an extent 

in HCl. The value of corrosion rate recorded for the blank (without inhibitor) was more than 

when the inhibitor was added to the corrosive medium.  Even at the lowest inhibitor 

concentration of 1g/L, the corrosion rate (0.0132mmpy
-1

) obtained was lower than the blank 

(0.033mmp y
-1

) at 303K. 

 
Figure 3.1: Weight loss vs. Concentration 

These trends have also been reported by several researchers confirming the effectiveness of 

plant extracts as corrosion inhibitors [13]. 

3.3 Effect of Inhibitor Concentration on the Corrosion Rate of C-1026 in HCl 

Figure 3.1 below shows the effect of inhibitor concentration on the corrosion rate.   As 

inhibitor concentration increased, there is a corresponding decrease in the corrosion rate. The 

lowest corrosion rate was 0.005mmpy
-1

at the highest concentration of 5g/L and the highest 

corrosion rate of 0.0297mmpy
-1

 at the lowest concentration of 1g/L. The inhibitory effect as 

concentration increased is an appreciable trend showing the usefulness of the inhibitors for 

corrosion control.  

From the phytochemical properties of Musa paradisiaca Leaf Extract; the leaf contains 

oxalates, hydrocyanic acid, tannins, phytates, flavonoids, saponins, alkaloids, and steroids. 

These substances are reported to be responsible for the adsorption of the inhibitors to the 

metal surfaces and consequent inhibition. Therefore increase in concentration means the 

availability of more heteroatoms to be adsorbed on the surface of the metal and a consequent 

decrease of corrosion rate. Similar findings have been reported by [14]. 
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Figure 3.2: Corrosion rate vs. Inhibitor concentration  

 

3.4 Effect of Inhibitor concentration on Inhibition Efficiency 

 

The inhibition characteristics of Musa paradisiaca Leaf Extract could be attributed to the 

adsorption of its components on the C-1026 steel surface. The formed layer of adsorbed 

molecules which, is a form of barrier, causing separation between the metal surface and the 

aggressive medium resulting in a decrease in corrosion rate and hence a corresponding 

increase in its inhibition efficiency [15]. 

 

Fig.3.3: Inhibition Efficiency (IE%) vs. Inhibitor concentration 

 

Figure 3.3 shows the effect of inhibitor concentration on inhibition efficiency. The trend 

indicates that as inhibitor concentration increases, inhibition efficiency also increases. 

 

3.5 Effect of Temperature on Corrosion Rate of C-1026 in the presence of Musa 

paradisiaca Leaf Extract in Hydrochloric acid 

Figure 3.4, shows the effect of temperature on the corrosion rate of C-1026 steel using Musa 

paradisiaca Leaf Extract in HCl. From Figure 3.4 it can be seen that the lowest corrosion rate 
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0.005mmpy
-1

 was observed at the lowest temperature of 303K while the highest corrosion 

rate was observed at the highest temperature of 333K. Most metals are applied in 

environments where temperature varies from room temperature, this forms the basis of 

studying the effect of temperature on the inhibitor efficiency. The effect of temperature on 

the corrosion rate of C-1026 steel in Hydrochloric acid, with and without the Musa 

paradisiaca Leaf Extract as corrosion inhibitor was examined by the weight loss method over 

a temperature range from 303K to 333K. 

 

The corrosion rate of C-1026 steel in the presence of 1g/L concentration of Musa paradisiaca 

Leaf Extract is significant, but when the concentration increases from 2g/L to 5g/L, there was 

a decrease in the corrosion rate. From figure 3.4, it can be deduced that corrosion rate 

decreased at low temperature and increased at high temperature, which is consistent with the 

studies of other research work [16]. 
 

                                      
Fig. 3.4: Corrosion rate vs. Temperature. 
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Fig. 3.5 Temkin Adsorption Isotherm for corrosion of C-1026 in HCl 
 

 
Fig. 3.6: Langmuir Adsorption Isotherm for corrosion of C-1026 in HCl. 

 

3.6 Adsorption Isotherm Showing Effect of Musa paradisiaca in Hydrochloric acid 

Information on the interaction between the inhibitors and the metal surface can be seen by the 

adsorption isotherm. From fig. 3.5 using the values of the surface coverage θ, and Log C, 

Temkin adsorption isotherms is established. The R
2
 values also show; the fitness of the data 

from the experiment. From fig. 3.6 using the values of inhibitor concentration Cinh, and Cinh/θ, 

Langmuir adsorption isotherm is established, and the R
2
 values also show the fitness of the 

data from the experiment. Comparing these adsorption isotherms, it is evident that  

Langmuir adsorption gave the best interpretation of the interaction between the inhibitors and 

the metal surface. 

It is worthy to note that R
2
 values were close to unity at both high and low temperatures 

investigated. 
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3.7 Activation Energy and Heat of Adsorption  

 

Figures 3.7, 3.8, and 3.9 show the activation energies (Ea) increase in the inhibited system as 

the concentration increases [17]. The values of Ea ranges from 0 – 66.35KJmol
-1

 with 

66.35KJmol
-1

 repeated from 2g/L -3g/L shows homogeneity of surface coverage.   

 
Figure 3.7: Surface coverage vs. Temperature 
 

 
Figure 3.8 Activation Energy vs. Surface coverage 
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Figure 3.9, Adsorption Energy vs. Surface Coverage 

 

4. CONCLUSION 

Musa paradisiaca Leaf Extract was found to inhibit corrosion of C-1026 steel in  

Hydrochloric acid. The inhibition efficiency increased with the increasing concentration of 

Musa paradisiaca Leaf Extract, at the highest concentration of 5g/L. The maximum inhibition 

efficiency of 90 was achieved. However, corrosion rate increased as temperature increased 

with a corresponding decrease in inhibition efficiency. Musa paradisiaca Leaf Extract is 

found to have inhibition efficiencies between 60% and 90% for a temperature range of 303K 

and 333K. With Musa paradisiaca Leaf Extract in Hydrochloric acid, the lowest corrosion 

rate was 0.0132mmp y
-1

 for a concentration of 1g/L at 303K and the highest corrosion rate 

was 0.404mmp y
-
1 with 1g/L of the inhibitor at 333K. 

The adsorption behavior of Musa paradisiaca tends to obey Langmuir adsorption isotherm. 

Best fit for the adsorption isotherm R
2
 follows the order 0.999, 0.999, 0.997, 0.994 for 303K, 

313K, 323K, 333K, respectively. Thermodynamic data obtained also tend to support this 

behavior.  
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