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ABSTRACT 

The ability of the methanol mild steel extract of parkia biglobosa leaves to inhibit mild steel 

corrosion in 0.1 M H2SO4 was examined. The inhibition efficiency of parkia biglobosa on the 

corrosion of mild steel in 0.1 M H2SO4 have been evaluated by conventional weight loss 

method, and surface analysis using 0.2-0.8 g/L (w/v) inhibitor concentration in temperature 

range of  303-323 K. Maximum inhibition efficiency of 90.37 % was obtained with optimum 

inhibitor concentration of 0.8 g/L at 303 K. The activation and free energies for the inhibition 

reactions support the mechanism of physical adsorption. The adsorption of parkia biglobosa 

extract on mild steel surface is endothermic, spontaneous and consistent with the Langmuir 

adsorption isotherm at all studied temperatures. FTIR and SEM analyses confirmed that the 

surface of mild steel was affected by the adsorption of parkia biglobosa onto the surface to 

form ferric- parkia biglobosa compounds. 

Key words: Parkia biglobosa, inhibition, extract, mild steel, concentration. 
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INTRODUCTION 

Corrosion is the deterioration of metals due to electrochemical reactions between the metals 

and their environments (El Ibrahimi et al., 2020). The unexpected metal decomposition or 

eating away of metal has created the barrier to the growing industries. Therefore, the 

protection of metal or alloy from corrosion is of paramount 

importance. Many successful endeavors have been made to deliver methods for controlling 

the menace of corrosion. One of the methods is the corrosion prevention by inhibitor in which 

corrosion inhibitor is used to retard the rate of corrosion of the metal or alloy. This method is 

considered to be one of the most practical, effective and viable methods (Boutoumit, et al., 

2017). 

Mild steel is the most useful material due to its extended technical and industrial applications. 

This material is employed in numerous industries due to its high strength and reliability. 

Petroleum pipelines, storage tanks, boiler pipelines, cooling towers, and chemical batteries 

are all made of carbon steel (Jeeva et al., 2019). These varied industrial equipments are 

susceptible to scale or rust formation, which might diminish the equipment's efficiency. In 

many industrial processes, acid solutions are commonly employed to remove unwanted scale 

and rust. In the pickling of metals, hydrochloric acid is commonly utilized. Acids, on the 

other hand, may cause harm to system components due to their corrosive nature. Use of 

inhibitors is one of the most practical methods for protection against corrosion especially in 

acid solutions to prevent metal dissolution and acid (Chuuhan and Gunasekara, 2007). 

Corrosion inhibitor is a substance or substances added in a small concentration to protect the 

surface of the metal exposed to a corrosive environment, reducing the corrosion of the metal 

(Jiang et al., 2017). Corrosion inhibitors must be no-toxic, environmental friendly and 

biocompatible due to environmental consideration. Corrosion inhibitors, usually organic 

inhibitors are organic compounds with functional group such as nitrogen, sulphur and 

oxygen. The majority of these organic compounds, on the other hand are not only costly but 

also detrimental to the environment (Benabbouha et al., 2018). The aim of the research is to 

investigate the corrosion inhibition of ethanolic extract of Parkia biglobosa leave extract 

using weight loss, electrochemical studies and computational studies. 

METHODOLOGY 

Metallic material 

The metal to be used for this study is mild steel. Mild steel will be used because of its 

versatility as material of construction. It is used widely in the construction industry because 

of its availability and strength. It finds wide spread application in the utilities, food, chemical 

and petrochemical industries even though it is easily affected by the aggressive environment. 

Because of its strength it is used for load bearing applications like the shell of a pressure 

vessel or the rotating shaft of a machine. 

Metal preparation for the experiment 

In order to conduct the weight loss experiment, the metal will be cut into 2 cm by 2 cm sizes 

or dimension. Prior to each experiment, the specimen will be polished 

with different emery papers. The specimen will then be wash several times with 

distilled water, degreased and dried with acetone. 
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Chemicals to be utilized for the study 

All chemicals to be utilized in this research are expected to be of commercially pure and 

analytical grade quality. The chemicals include:  

a. Sulfuric acid (H2SO4) fumes strongly in moist air and is soluble in water with resultant h

eat evolution. It has a density and boiling point of 1.2 g/mL and 57 
o
C respectively. It is 

air and light sensitive. 

b. Acetone or propanone: is an organic compound with formula (CH3)2CO. It is the 

simplest and smallest ketone, it is colourless, highly volatile and flammable liquid with 

characteristics pungent odour. It has the boiling point and density of 56 
o
C and 784 kg/m

3
 

respectively. 

c. Methanol: Methanol is an organic chemical compound. It is a simple alcohol with the 

chemical formula CH3OH. Its often abbreviated as MeOH. Methanol is a volatile, 

flammable, colorless liquid with a characteristic wine-like odor and pungent taste.   

Green inhibitor to be utilized for the study. 

Extracts of Parkia biglobosa will be employed for this study. Parkia biglobosa which is 

widely known as Africa locust bean. It will be obtained from Potiskum, Yobe state. 

Preparation of plant extracts 

The fresh leaves of Parkia biglobosa plant will be washed under running water, air dry at 

room temperature for seven days. The leaves will be pulverized using blender; the powder 

will then be soaked in 90% ethanol for 96 hours. The mixture will be strain using cheese 

cloth and subsequently filtered using whatman filter paper grade 1. The extract will be 

evaporated at 40 
o
C to remove ethanol, the Parkia biglobosacrude extracts obtained will then 

be oven dry at 45 
o
C to obtain solid residue. 

Preparation of acid and calculation 

About 0.5 M HCl solutions will be prepared by dilution using the equation below: 

Stock concentration (C1) = 
% 𝑝𝑢𝑟𝑖𝑡𝑦  𝑜𝑓  𝑎𝑐𝑖𝑑  𝑋 𝑑𝑒𝑛𝑠𝑖𝑡𝑦  𝑜𝑓  𝑎𝑐𝑖𝑑  𝑋 10

𝑚𝑜𝑙𝑎𝑟  𝑚𝑎𝑠  𝑜𝑓  𝑎𝑐𝑖𝑑
                             (1) 

Where: % purity of HCl acid = 37%, Density of HCl = 1.19 g/cm
3
, Molar mass of HCl = 

36.46 g/mol 

Thus, if the concentration of the stock from which the 0.5 M hydrochloric acid solution will 

be prepared from is known then the volume of the stock needed will then be estimated using 

the relation: 

C1V1 = C2V2 

Where: C1 = concentration of the stock, V1 = volume of the stock solution needed to prepare 

the 0.5 M acid, C2 = the required molarity of the acid (0.5 M), V2 = volume of acid required 

(1000 cm
3
). 

Preparation of inhibitor concentration 

The inhibitor will be prepared by weighing the required quantity of the dried crude extract on 

a weighing balance (i.e 2, 4, 6 and 8 g), which will be dissolve in the appropriate volume of 

acid solution prepared.  
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Weight loss experiment 

The experiment will be performed at room temperature, 303, 313 and 323 K in blank HCl and 

with different concentration of it will then be immersed in a solution of HCl with different 

concentration of the inhibitor (Parkia biglobosa crude extract). The immersion time for the 

weight loss measurement will be 4 hours after which the coupons specimen of steel will be 

carefully wash in double distilled water, dried and weighed. From the average weight loss, 

the corrosion rate (CR), inhibition efficiency (IE) and surface coverage (θ) will be calculated 

using equation 1, 2 and 3 respectively, (Anwar et al., 2020, Ishak et al., 2019) 

CR = 
𝐾∆𝑊

ρ𝐴𝑡
                                  (2) 

IE% = 1 – 
𝑊1

𝑊2
 x 100                  (3) 

θ = 1 – 
𝑊1

𝑊2
                                  (4) 

Where ∆𝑊 is the change in weight in g, W1 and W2 is are the weight loss of mild steel in the 

presence and absence of inhibitor, K is the corrosion constant (87.6), ρ is the mild steel 

density in g/cm3, A is the area of the mild steel coupon in cm
2
 and t is the time in hour. 

Surface analysis 

Scanning electron microscope which will be equipped with an energy dispersive X-ray 

microanalysis will be use to study the morphology and chemical analysis of the corroded 

mild steel surface. FT-IR spectroscopy will be used to collect the IR spectra of the dried 

Parkia biglobosa sample as well as the mild steel corrosion product in the presence of 

optimum concentration of Parkia biglobosa. 

Potentiodynamic polarization  

The electrochemical behavior of mild steel sample in inhibited and uninhibited solution will 

be studied by recording anodic and cathodic potentiodynamic polarization curves. 

Measurement will be performed in the 0.5 M HCl solution containing different concentration 

of the inhibitor by changing the electrode potential automatically from -800 to 0 mV versus 

corrosion potential at a scan rate of 1 mV/s. The electrochemical parameter such as corrosion 

current density (Icorr), corrosion potential (Ecorr), anodic and cathodic slopes (𝛽𝑎 and 𝛽𝑐) will 

be obtained from Tafel plots and the Tafel inhibition efficiency was determined using the 

formula as follows: 

Tafel inhibitor efficiency (IET%) =     x 100                                               (5) 

 

 

Where I
0

corr and Icorr are uninhibited and inhibited corrosion current densities, respectively. 

Electrochemical impedance spectroscopy 

The electrochemical measurements will be carried out. The studies will be done using 

conventional three electrode Pyrex glass cell with plantinum as counter electrode and SCE as 

reference electrode. The working electrode was a mild steel electrode. All the potential that 

will be given in this study will be referred to this reference electrode. The working electrode 

I0
corr 

I0
corr - Icorr 
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will be immersed in test solution for ½ hours to establish a steady state open circuit potential 

(Eocp). After Eocp is been measured, the electrochemical measurement will then be performed. 

All electrochemical tests have to be performed in aerated solutions at 303 K. the EIS 

experiment will be conducted in the frequency range with high limit of 100 kHz and different 

low limit 10 mHz at open circuit potential, by applying 10 mV ac voltage peak-to-peak. The 

Rct and Cdl values will be obtained from the Nyquist plots. The inhibitor efficiency will be 

calculated as: 

IE% =    1 -              x 100             (Boutoumit et al., 2017)             (6) 

 

 

Where: 

R
o
ct and Rct are the transfer resistance in the absence and presence of different concentrations 

of inhibitor, respectively.  

Adsorption Isotherms 

The process taking place, specific adsorption, is the adsorption of inhibitors or species in the 

inhibitor at the metal surface. The adsorbed layer acts like barrier between the metal surface 

and the electrolyte or the corrosive solution. The degree of adsorption depends on the 

concentration of the inhibitor as well as the concentration of the electrolyte. Three isotherms 

are usually considered in modeling adsorption 

RESULTS AND DISCUSSION 

Phytochemical analysis shows that Parkia biglobosa leaves contain saponin, steroids and 

alkaloid compounds. The result of phytochemical analysis of parkia biglobosa leaves are 

shown in table 1  

TABLE 1. Phytochemical analysis result of Parkia biglobosa 

Phytochemical analysis Result evidence 

Test for saponins + Formed the stable gas bubbles 

Test for terpenoids - A grayish color was not observed 

Test for steroids + Greenish color was observed 

Test for flavonoids - Pink scarlet color did not appear 

Test of tanins - A blue/green or black coloration was not 

observed 

Test for alkaloids + Turbidity of the resulting precipitate was 

observed 

 

 

 

R0
ct 

Rct 
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Table 2: Assignment of bands to functional group 

Wave number (cm
-1

) Functional group 

3390.86 O-H and N-H stretching 

2924.09 C-H stretching aliphatic 

2852.72 C-H stretching asymmetric 

1737.86 C═O stretching vibration 

1589.34 N-H bending vibration 

1454.33 CH2 bending vibration 

1408.04 O-H bending vibration carboxylic acid 

1222.87 C-N stretching amine 

1151.50 C-O stretching 

1049.28 CO-O-CO stretching anhydride 

 

Table 3: corrosion parameters obtained from weight loss of mild steel in 0.1 M H2SO4 at 303, 

313 and 323 K for a 4 h immersion period in the presence and absence of different 

concentrations of parkia biglobosa leave extract. 

Temperature 

(K) 

Concentration 

of inhibitor 

(g/L) 

W(mg/cm
2
h) E% θ 

 

 

303 

uninhibited 17.25 - - 

0.2 3.42 77.90 0.7790 

0.4 2.40 84.12 0.8412 

0.6 1.77 88.43 0.843 

0.8 1.43 90.37 0.9037 

 

 

313 

 

 

uninhibited 18.33 - - 

0.2 4.53 75.19 0.7519 

0.4 3.46 81.18 0.8118 

0.6 2.81 84.67 0.8467 

0.8 2.36 87.12 0.8712 

 

 

323 

uninhibited 19.50 - - 

0.2 5.08 73.98 0.7398 

0.4 4.26 78.25 0.7825 

0.6 3.60 81.61 0.8161 

0.8 2.85 85.48 0.8548 
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Fig. 1 shows the inhibition efficiency of mild steel in the absence and presence of different 

concentrations of (PB) in 0.1 M H2SO4 was studied at 303, 313 and 323 K. The results 

indicated that the corrosion rate of mild steel of the three different temperatures has decreased 

with the increase in the inhibition concentration. The values of corrosion rate (CR) and the 

inhibition efficiency (%E) obtained from the weight loss for different inhibitor concentration 

at 303, 313 and 323 K in 0.1 M H2SO4are given in table 1. It is obvious that that there is a 

decrease in the corrosion rate of mild steel with the increase in concentration (PB). This 

indicate that the plant extract in the solution inhibit the corrosion of mild steel in acidic 

medium. Figure 1 illustrates the effect of parkia biglobosa extracts (PB) on corrosion rate 

and the inhibition efficiency as a function of inhibitor concentration. The maximum value of 

inhibition efficiency (%E) was 90.37, 87.12 and 85.48 % in 0.8 g/L of 0.1 M H2SO4 at 303, 

313 and 323 K respectively. The inhibitor molecules present in the extract block the surface 

of the mild steel via adsorption mechanism (Nnanna, et al., 2014).  

Adsorption isotherm and thermodynamic studies 

Adsorption isotherms are very important in determining the mechanism of organo 

electrochemical reaction. The effectiveness of organic compounds as corrosion inhibitors can 

be ascribed to the adsorption of molecules of the inhibitors through there polar function on 

the metal surface. The metal surface in aqueous solutions is always covered with adsorbed 

water dipoles. Therefore, the adsorption of inhibitor molecules from aqueous solution is a 

quasi-substitution process (Andreani et al., 2016). In order to consider the adsorption process 

of parkia biglobos leaves on the mild steel surface, Langmuir adsorption isotherm was tested 

according to equation 7. 

The experimental data was best described by Langmuir isotherm with the highest regression 

coefficient, R
2
 close to 1 as shown in table 4. The departure in the values of the slopes of 

Langmuir plots from unity maybe attributed to be due to the mutual repulsion or attraction 

between the adsorbed isotherm (Hammouti et al., 2013). Given by the corrected equation as 

follows, could be applied due to this phenomenon. 

 

                 =            +  nCinh                           (7) 

E(
%

)

C (g/L)

303 K
313 K
323 K

E(
%

)

C (g/L)

303 K
313 K
323 K

Figure 1: Variation of inhibition efficiency and corrosion rate in 0.1 M H2SO4 on metal steel 

surface without and with different concentration of Parkia biglobosa. 

Cinh 

θ 

n 

Kads 
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The Kads values were calculated from the intercept lines on the Cinh/θ axis (fig 4). This 

is related to free energy change of adsorption (ΔGads) as reported elsewhere (Akabarzadeh et 

al., 2011). 

ΔGads = -2.303RT (55.5Log Kads)                                                                        (8) 

Where 55.5 is the water concentration of the solution mL/L. 

 

 

Since the natural extract contains infinite compounds at various contents, we assume that the 

inhibition process is essentially due to the synergistic intermolecular phenomenon between 

molecules of natural product at major levels (Adreani et al., 2016). 

 The activation energy (Ea) values were determined from Arrhenius plots for mild 

steel corrosion by the following relation (Adreani et al., 2016). 

LogCR = LogA -                                                                                                                    (9) 

 

Where A is the Arrhenius pre-exponential constant, T is absolute temperature (K) and R is 

the gas constant (8.314J/molK). 

 The Ea values are shown table 5 are lower in inhibited solutions compared to the uninhibited 

hence leading to reduction in the corrosion rates which suggest that, PB molecules are 

strongly adsorbed onto the steel surface (Umoren et al., 2011) 

Table 4: Langmuir isotherm and free Energy change parameters for PB on mild steel in 0.1 

M H2SO4 obtained at different temperatures 

Temperature 

(K) 

Kads(mol
-1

) n R
2
 ΔGads(KJ/mol) 

303 206.54 1.301 0.999 -23.55 

313 187.27 1.241 0.9988 -24.07 

323 174.89 1.118 0.9997 -24.66 

C
in

h
 /
θ

(m
g/

L)

Cinh (g/L)

303 K 313 K

Figure 2: Langmuir adsorption isotherm plots for mild steel in 0.1 M H2SO4 with different 

concentration of PB extract at different temperature. 

Ea 

2.303RT 
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The transition state equation for dissolution or adsorption process as reported elsewhere 

(Adreani et al., 2016) is given by equation 10. 

Log( 
𝐶𝑅

𝑇
) = [log(

𝑅

ℎ𝑁
) + (

𝛥𝑆𝑎𝑑𝑠

2.303𝑅
)] - 

𝛥𝐻𝑎𝑑𝑠

2.303𝑅𝑇
                                                                             10 

Where h is the planck’s constant (6.6261 x 10
-34

 Js), N is avogadro’s number (6.0225 

x 10
23

 mol
-1

). From the plots of log = ( 
𝐶𝑅

𝑇
) against 

1

𝑇
, enthalpy change (ΔHads) and (ΔSads) of 

adsorption were estimated from the slop and intercept respectively. The values of (ΔHads) and 

(ΔSads) are represented in table 5. The positive values of (ΔHads) reflect the endothermic 

nature of steel dissolution process. It is well noticed that the value of Ea are larger analogous 

values of (ΔHads) indicating that the corrosion process might have involved a gaseous 

reaction, like the hydrogen evolution reaction, associated with a decrease in the total reaction 

volume (Adreani et al., 2016). 

The negative value of (ΔSads) showed that the activated complex in the rate determining step 

represents an association rather than a dissociation step. It is clear from data listed in table 5 

that (ΔSads) decreased in value in the presence of PB compared to uninhibited acid. In 

uninhibited solutions the transition state of the rate determining recombination step represents 

a more orderly arrangement relative to the initial state, so a high value for the entropy of 

activation is obtained. In the presence of PB, however, the rate determining step is the 

discharge of hydrogen ions to form adsorbed hydrogen atoms. Since the surface is covered 

with PB molecules, this will retard the discharge of hydrogen ion at the metal surface causing 

the system to pass from a random arrangement, and hence entropy of activation is decreased. 

The decreased of (ΔSads) with increasing inhibitor concentration, reveals that a decrease in 

disordering takes place on going from reactant to the activated complex. This behavior can be 

explained as a result of the replacement process of water molecules during adsorption of PB 

molecules onto the mild steel surface (Adreani et al., 2016). 
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0

0.5

1

1.5

0.15 0.155 0.16 0.165 0.17 0.175Lo
gC

R
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m
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2 h

1/2.303RT(mol/KJ)
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0.8

0.2

0.4

0.6

Figure 3: Arrhenius plots for mild steel in 0.1 M H2SO4 solution in the absence and 

presence of various concentration of PB 
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Table 5: activation parameters of the dissolution of mild steel in uninhibited 0.1M H2SO4 

and in the presence of different concentration of PB. 

Inhibitor 

concentration 

(g/L) 

Ea  

(kJmol
-1

) 

R
2
 ΔHads 

(kJmol
-1

) 

ΔS 

 (Jmol
-1

K
-1

) 

R
2
 

Uninhibited 67.82 0.9948 65.15 -33.47 0.9943 

0.2 56.56 0.9776 53.88 -80.84 0.9756 

0.4 54.83 0.9771 52.16 -87.44 0.9749 

0.6 53.66 0.9756 52.34 -87.79 0.9849 

0.8 55.01 0.9861 50.99 -92.03 0.9733 

 

FT-IR analysis 

FT-IR spectra of parkia biglobosa leaves extract as shown in figure 1 shows the presence of 

hydroxyl, carbonyl, amino and carboxylic group. The presence of OH group along with 

carbonyl group confirmed the presence of carboxylic group in parkia biglobosa leave extract. 

The appearance of NH and OH group along with carbonyl group might be attributed to the 

presence of amino acid group (Razaei, 2016). Assignment of bands to functional group for 

parkia biglobosa leave extract as observed from FT-IR spectroscopy is summarized in table 

2. 

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.15 0.155 0.16 0.165 0.17 0.175
Lo

gC
R

()
m

g/
cm

2 h
1/2.303RT(mol/KJ)

blank

0.8

0.2

0.4

0.6

Figure 4: Transition state plots for mild steel in 0.1 M H2SO4 solution in the absence and presence 

of different concentration of PB 
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Surface morphology analysis 

Scanning electron microscope (SEM) images were taken in order to study the surface 

morphology of mild steel in absence and presence of PB inhibitor. SEM image (Fig. 6a) 

reveals that in the absence of PB extract, the mild steel surface is highly damaged with pitted 

areas. Fig. 6b shows a smooth surface with deposited PB extract on it for the specimen after 

immersion in 0.1 M H2SO4 solution containing 0.8 g/L PB extract. By comparison of SEM 

images at the same magnifications (500 X), it is indicated that the pits disappear and mild 

steel is almost free from corrosion in H2SO4 with PB extract. This is because of the 

formation of an adsorbed film of PB molecules inhibiting the pitting corrosion of mild steel 

in 0.1 M H2SO4 solution. 

 

Conclusion  

It was found that inhibition efficiency increases with increasing PB concentration and 

temperature but decreases with increase in H2SO4 concentration. Activation energies were 

lower in the presence of the PB extract and decreases as the inhibitor concentration increases 

suggesting a decrease in corrosion rate of mild steel while Gibb’s free energy, enthalpy and 

entropy of adsorption indicate that the adsorption process is spontaneous and endothermic in 

nature. The SEM and Langmuir adsorption isotherm studies suggested that the mechanism of 

corrosion inhibition occurred through adsorption process. 

 

Figure 1. FT-IR spectra of the parkia biglobosa 
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