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In the continuation of the possibility of using green 

corrosion inhibitors as sustainability in corrosion 

mitigation for oil and gas applications, Musanga 

cereoipoides (MC) leaf extract as a corrosion 

inhibitor for steel pipeline in 0.5 M sulphuric acid 

using both gravimetric and potentiodynamic 

polarization techniques was investigated. The leaves 

were characterized by both quantitative, and 

qualitative analyses, and Fourier Transform Infrared 

(FT-IR). Characterization of the substrates before 

and after corrosion tests were investigated by 

scanning electron microscope equipped with energy-

dispersive X-ray spectroscopy. The inhibitor 

concentration, time and temperature were varied in 

the range of 3–15 g/l, 2–14 days and 30–60°C at intervals of 3 g/l, 2 days, and 10°C intervals respectively. The corrosion rate 

increased with the increasing temperature and decreased with increases in inhibitor concentrations and time, respectively. Maximum 

inhibition efficiency of 95.80% occurred at the optimal value of 12 g/l of the inhibitor concentration. The results revealed 

phytoconstituents such as tannins, alkaloids, saponins, and flavonoids. The FT-IR results indicated the following functional/elements 

present as N=C=S, C-Br, OH, NH, C-N, C-Cl, P-O-C, C-O etc which were responsible for the protection of steel pipelines in an 

acidic environment. The coupons without green inhibitor were rough, and severe pits and cracks occurred, while the surface of the 

steel pipeline with green inhibitor was smooth. The molecules of the green inhibitor were absorbed on the adsorbate’s surface. The 

potentiodynamic polarization results showed that the green inhibitor acted as a mixed-type inhibitor. The green inhibitor served as 

an alternative to synthetic inhibitors. The values of inhibition efficiency obtained are well above the minimum acceptable limit of 

70% required of a good inhibitor. It can therefore be used in the formulation of paints.  
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INTRODUCTION 

Steel pipelines are critical components in various 

industrial applications, including the transportation 

of crude oil, gas, and chemicals. However, their 

exposure to acidic environments, particularly 

during operations involving acidic cleaning or 

enhanced oil recovery, makes them highly 

susceptible to corrosion. Corrosion not only 

compromises the structural integrity of pipelines but 

also leads to significant economic losses and 

environmental hazards.1  

Inorganic inhibitors such as chromates, 

phosphates, nitrates and organic inhibitors having 

heteroatoms and/or π-bonds compounds are the 

most commonly used metal corrosion inhibitors. 

The inorganic compounds have been observed to 

oxidize metal surfaces by forming impervious films 

that deny aggressive agents in the environment 

access to the surface.2 However, inorganic 

inhibitors are very expensive and not degradable 

and their disposals create pollution problems which 

make them harmful to the environment.3  

The search for effective, eco-friendly corrosion 

inhibitors has garnered considerable attention as 

industries shift towards sustainable practices. Plant-

based inhibitors, derived from renewable and 

biodegradable natural sources, have emerged as 

promising alternatives to conventional chemical 

inhibitors.4. The adsorption ability and efficiency of 

the inhibitors are based on their chemical 

composition, molecular structure, type of functional 

groups, and their attraction towards the coupon 

surface. Recently, research has been investigated 

and published on using natural inhibitors such as 

plant extracts to inhibit the corrosion of steel 

pipelines in different environments.5  

Previous work suggested that the adsorption of 

an inhibitor on a metal surface depends on the 

nature, surface charge of the metal, adsorption 

mode, its chemical structure and the type of the 

electrolyte solution.6 The relationship between 

adsorption and corrosion inhibition is important in 

that corrosion inhibition is a surface process and the 

degree of protection of metal is a function of 

adsorption.7 Another work carried out by8 also 

agreed that organic compounds containing hetero- 

atoms such as phosphorus (P), nitrogen (N), sulphur 

(S), and oxygen (O) with high electron density as 

well as those containing multiple bonds are 

effective corrosion inhibitors. All plant products are 

organic; their constituents are tannins, organic and 

amino acids, saponins, alkaloids, flavonoids, 

glycosides and pigments are known to exhibit 

inhibiting action.9–17  

Oil and gas equipment corrosion, particularly in 

sulphuric acidic environments, remains a critical 

challenge for the industry. Acidic conditions are 

prevalent in processes such as acidizing, descaling, 

and enhanced oil recovery, leading to accelerated 

degradation of metallic surfaces. This not only 

jeopardizes the structural integrity and operational 

efficiency of equipment but also incurs substantial 

economic and environmental costs. 

This work is designed to carry out the possibility 

of using Musanga cecropioides (MC) a non-toxic 

plant as a corrosion inhibitor for steel pipelines in 

0.5 M H2SO4 solution. The surface morphology of 

the coupons was characterized using Scanning 

Electron Microscopy with energy dispersive 

spectroscopy (SEM/EDS) to study the corrosion 

before and after the tests. The plant extract was also 

characterized by quantitative and qualitative 

analyses, and Fourier Transform Infrared 

Spectroscopy (FT-IR). By combining experimental 

results, the study aims to elucidate the mechanism 

of inhibition, assess the practical viability of the 

extract, and contribute to the development of 

sustainable corrosion mitigation strategies.  

MATERIALS AND METHODS 

Materials preparation 

The steel pipeline used for this study was 

obtained from Ajaokuta Steel Company (ASC) in 

Kogi, State, Nigeria. The chemical composition 

of the steel pipeline used for both weight loss and 

potentiodynamic polarization was determined by 

X-ray fluorescence (XRF) and is presented in 

Table 1. 

 
Table 1 

Chemical composition of steel pipeline 

Element Fe C Si Mn P S Co Mo Ni Al Cu 

% Wi. 99.01 0.169 0.033 0.434 0.016 0.014 0.05 0.014 0.18 0.002 0.015 
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Preparation of inhibitor 

Fresh leaves of Musanga cecropioides (MC) 

leaves presented in Fig. 1 below were obtained from 

the university farm land, Nsukka Nigeria. Cleaning, 

and drying of the leaves at room temperature for 

three days were carried out. Dried leaves were then 

ground into fine powder using a mortar and pestle. 

About five hundred grams (500 gm) of ground 

sample was then extracted in 1.5 L of 70% ethanol 

and 30% distilled water was used as solvent using 

the maceration method by separating funnel. The 

extract and the final stage of collecting the liquid at 

110°C before evaporation was used. The 

concentration of the stock solution was expressed in 

terms of gram per litre (g/L) and the concentration 

of 3–15 g/L of the extract was prepared according 

to the work of.18,19  

 

 
Fig. 1 – Musanga cecropioides leaves. 

 

Solution Preparation 

Solutions of 0.5 M H2SO4 were prepared by 

diluting of analytical grade with double distilled 

water. Extracts were dissolved in the acid solution 

at the required concentrations (g/L). The solution in 

the absence of an inhibitor was taken as blank (0) 

for comparison purposes.19 The test solutions were 

freshly prepared before each experiment by adding 

Musanga cecropioides leaves (MC) extract directly 

to the corrosive solution. Concentrations of 

Musanga cecropioides leaf extract used were: 0, 3, 

6, 9, 12, and 15 g/L respectively. Experiments were 

performed in triplicate to ensure good results. 

Determination of Phytoconstituents of the Leaf 

Extract 

The phytochemical constituents of the leaf were 

determined by both quantitative and qualitative 

methods. The analyses were carried out at the Multi-

Users Laboratory, Ahmadu Bello University Zaria, 

Nigeria. The results are presented in both Tables 2 

and 3 respectively. 

Preparation of Specimens 

Steel pipelines were mechanically cut into 

cylindrical shapes of 10 mm by 8 mm with the 

following chemical compositions shown in Table 1. 

The specimens were polished mechanically with 

emery papers of 400–1600 grades and subsequently 

decreased and stored in the desiccators to avoid re-

oxidation. The weight of the samples was taken 

before and after the weight loss carried out by.20 

Weight Loss Measurements 

The previously polished and degreased 

specimens of size 10 mm by 8 mm coupons were 

used for weight loss studies. Already-weighed 

specimens were separately immersed in 500 

millilitres (ml) of 0.5 M H2SO4 solutions containing 

0, 3, 6, 9, 12, and 15 g/L of MC extract for 2, 4, 6, 

8, 10, 12 and 14 days respectively. After the elapsed 

time, the specimens were taken out, washed, dried 

and reweighed. All the experiments were performed 

in triplicate, and average values were recorded. The 

experiment was carried out at different temperatures 
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of 30, 40, 50 and 60°C respectively. From the 

measured weight loss data, the corrosion rate (mpy) 

and the inhibition efficiency (IE) were calculated 

using Eqs. 1–3 below as reported by.21–23  

Corrosion rate (mpy) = 
534𝑊

𝐷𝐴𝑇
  (1)  

where W, D, A and T will be in units of milligrams, 

grams per cubic centimetre, square inches and 

hours, respectively. The inhibition efficiency (IE %) 

and surface coverage (𝜃) were calculated from the 

following equations:  

Inhibition efficiency (IE %) =  
𝐶𝑅𝑎

𝐶𝑅𝑝
𝑥

100

1
    (2) 

Surface coverage (𝜃) =  
𝐶𝑅𝑎−𝐶𝑅𝑝

𝐶𝑅𝑎
  (3) 

where CRa and CRp are the corrosion rates in the 

absence and the presence of the extract, respectively. 

Electrochemical Measurements 

Potentiodynamic polarization technique 

     The electrochemical measurements were 

performed in a conventional three-electrode 

assembly containing a cylindrical carbon steel 

specimen with an exposed area of 1 cm2 as working 

electrode (WE), a platinum foil of surface area 

2 cm2 as counter electrode and a saturated calomel 

electrode (SCE) provided with a Luggin capillary as 

a reference electrode. They were immersed in 0.5 M 

H2SO4 solution until a steady-state open-circuit 

potential (OCP) was obtained. Potentiodynamic 

polarization measurements were done using an 

Autolab potentiostat (PGSTAT30 computer-

controlled) with the General-Purpose 

Electrochemical Software (GPES) package version 

4.9. The H2SO4 solution was degassed with 

ultrapure nitrogen bubbling to avoid any reactions 

with dissolved oxygen. Tafel polarization 

measurements were made for a potential range of –

200 mV to 7200 mV concerning OCP at a scan rate 

of 1 mV/s. From the electrochemical studies, 

corrosion potential and corrosion current were 

calculated. All the tests were performed at a 

temperature of 30°C. The inhibitor efficiency was 

then calculated from Equation 4 as given by.24,25 

𝐼𝐸 % =  
𝑖𝑐𝑜𝑟𝑟  − 𝑖𝑐𝑜𝑟𝑟

′

𝑖𝑐𝑜𝑟𝑟
 𝑥 100%   (4) 

where 𝑖𝑐𝑜𝑟𝑟  and 𝑖𝑐𝑜𝑟𝑟
′  are the corrosion current 

densities of steel pipeline in the absence and 

presence of the inhibitor respectively. The 

parameters used for this method are presented in 

Table 4. 

 

Table 4 

Parameters used in the potentiodynamic electrochemical technique at 35 C 

            Parameters                      Material 

      Initial voltage (V) Wrt OCP                          –1.5 

      Final voltage (V) Wrt OCP                           1.5 

      Scan rate (mV/s)                           0.01 

 

Characterization of Musanga cecropioides 

leaves extract by FT‑IR Spectroscopy 

A small quantity of Musanga cecropioides 

powdered sample was then exposed to infrared 

radiation. The sample molecules selectively absorb 

radiation of a specific wavelength which causes the 

change of dipole moment of the sample molecules.26 

The commonly used region for infrared absorption 

spectroscopy was from 3500 to 500 cm−1. This is 

because the absorption radiation is within the 

region. The FT-IR was carried out using the Perkin 

Elmer 2000 Model at the Energy Centre, University 

of Nigeria, Nsukka. The spectra obtained were then 

interpreted using Standard Library.27 

Characterization of the coupons 

Scanning Electron Microscope (SEM) was 

used to provide basic information about the 

microstructure of the coupons. The samples were 

cut from the control. The cut samples were 

mechanically ground progressively on grades of 

SiC-impregnated emery paper (80–600 grits). 

The coupons were selected for SEM after the 

electrochemical analyses. The microstructure 

and the chemical compositions of the phases 

present in the test samples were studied. The 

SEM was operated at an accelerating voltage of 

5 to 20 kV.  
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RESULTS AND DISCUSSION 

Phytoconstituents of the Musanga cecropioides 

(MC) extract 

The detailed results of phytochemical 

constituents carried out on the extract by both 

quantitative and qualitative analyses showed that 

Musanga cecropioides (MC) contains Saponins, 

Tannins, Alkaloids, Flavonoids, Glycosides and 

Volatile oil. Tables 2 and 3 presented the 

quantitative and qualitative analyses of Musanga 

cecropioides (MC) extract respectively.  The results 

show that the constituents can be adsorbed onto the 

metallic surface by blocking the active corrosion 

site or reducing the evolution of hydrogen gas at the 

cathode. This may be attributed to the fact that some 

of these phytoconstituents contain heteroatoms such 

as O, N, S, P, and both aromatic and functional 

groups and also agree with the findings of. 28 

 
Table 2 

The qualitative analysis of Musanga cecropioides (MC) leaf extract 

Musanga cecropioides 

(MC) leaf extract  

Tannins Saponins  Flavonoids Glycosides  Alkaloids Volatile oil 

+ + –  + + + 

 
Table 3 

The quantitative analysis of Musanga cecropioides (MC) leaf extract 

Euphoba Hirtal 

(EH) leaf  

Tannins (%) 
Saponins 

(%)  

Flavonoids 

(%) 

Glycosides 

(%)  

Alkaloids 

(%) 

Volatile oil 

(%) 

15.10±0.01 3.23±0.03 0.000 0.65±0.12 1.34±0.03 0.65±0.24 

 

Fourier Transforms Infrared (FT-IR) 

Spectroscopy results 

     Figures 2 and 3 show the IR absorption spectra 

and their functional groups. The prominent peaks 

obtained from the FT-IR spectroscopy for the 

Musanga cecropioides (MC) extract were presented 

in Table 5 and confirmed in the previous works.18,28 

The inhibitor showed an effective anticorrosion 

potential and the results indicated that the inhibition 

mechanism involved blockage of the steel pipeline 

by inhibitor molecules via adsorption. In general, 

the phenomenon of adsorption was influenced by 

the nature and surface charge of the metal, the type 

of aggressive electrolyte, and the chemical structure 

of inhibitors.28 

 

 
Fig. 2

 
– FT-IR transmittance spectra of Musanga cereoipoides (MC). 
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Fig. 3
 
– FT-IR showing the functional groups/structures present in Musanga cecropioides (MC). 

 
Table 5 

Prominent peaks obtained from reflectance FTIR spectroscopy for MC extract 

S/No Frequency (cm-1) Band assignment 

1. 528.62  Chlorocompound, (C-Cl)  

2. 531.98 C- Br, OH, NH, 

3. 645.98 C-CH2 - CH2 -Br 

4. 892.7 P-O-C stretch (Aromatic phosphates) 

5. 1070.78 C-N stretching (Amine) 

6. 1428.62 CH2 

7. 1611.74 C=C stretching (α,β-unsaturated ketone) 

8. 1879.82 C=O stretching 

9. 2071.1 C-H deformation 

10. 2185.34 C=C Stretching bond of alkynes molecule 

11. 2356.46 C–N 

12. 2503.1 Carboxyl acid 

13. 2925.74 Methyl group 

14. 3116.54 O-H (H-bonded) 

15. 3253.82 O-H stretch, Hydroxyl group, H-bonded  

16. 3359.9 N-H (2°-amines) 

17. 3520.22 O-H (H-bonded) 

18. 3790.7 NH and C=O 
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Visual observations of the corroded surfaces 

Visual observations of the two categories of 

coupons (inhibited and uninhibited) revealed that 

the coupons changed from bright and shining 

surfaces to dull and brownish surfaces with time. 

The solution of the acid turned dark brown, with 

macro cracks on the surfaces observed on the 

coupons, indicating a severe corrosion attack by the 

acid. Also, pit formations were seen on the coupons, 

which indicated a localized corrosion attack by the 

acid medium. The pit attack is more severe on a 

sample without Musanga cecropioides extract.  

Effect of Musanga cecropioides extract  

on steel pipelines 

Weight loss measurements were performed on 

steel pipelines immersed in 0.5 M H2SO4 solutions 

with and without (MC) extract for seven (14) days. 

The results obtained in the absence and the presence 

of the inhibitor at various concentrations are 

presented in Fig. 4. It can be seen that inhibition 

efficiency increases with the increase in inhibitor 

concentrations, which could be due to the increase 

in the mass and charge transfer to the steel pipeline 

surface leading to the adsorption of inhibitor 

molecules and reduction in the metal dissolution as 

shown in the leaves characterizations by FT-IR. 

Further increase in the inhibitor concentration 

causes little or negligible change and the highest 

inhibition efficiency occurred at the optimum 

concentration of the inhibitor (12 g/l). Owing to the 

acidity of the corrosive medium, the extract which 

contains the phytochemical constituents, and 

functional groups from the FT-IR could not remain 

in the solution in its free base state and may exist as 

a neutral species or in its cationic form which was 

presented in table 4 respectively. This assertion also 

agrees with the findings of the previous studies.29 

The high inhibition efficiency recorded could be 

possibly because SO4
–2 was hydrated in H2SO4 and 

this can be poorly adsorbed onto the metal surface 

leaving more active sites for the adsorption of the 

inhibitor–neutral species – and thus inhibition 

efficiency increased with an increase in 

concentrations of the inhibitor in H2SO4 medium. 

Hence, it can be concluded that while adding the 

inhibitor to the H2SO4 solution anions like C-N, NH, 

C=O, and OH are present in the inhibitor solution, 

and the unshared pair of electrons is present. 30 

 

 
Fig. 4

 
– Variation of Corrosion rate (mpy) and inhibition efficiency (% IE) with inhibitor concentration at 308 K. 

 

Effect of Temperature on Inhibition Efficiency 

The temperature effect on the inhibition 

efficiency investigated on mild steel at a range of 

30- 60 °C is shown in Fig. 5. The inhibition 

efficiency decreases with an increase in 

temperature. At higher temperatures, the hydrogen 

evolution increases on the metal surface and leads 
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to desorption of the adsorbed inhibitor film from the 

metal surface as noted. It could also be attributed to 

an increase in the rates of ionization and diffusion 

of active species in the corrosion Process.31,32 

 

 

Fig. 5
 
– Variation of inhibition efficiency (% IE) with concentration of inhibitor at different temperatures (30–60℃). 

 

Potentiodynamic polarization studies. 

The Tafel plots of the corrosion behaviour of the 

samples are displayed in Figure 6 and Table 6 

respectively. From the figure, it was observed that 

the average potential for the substrate shifted to a 

lower potential and higher current density. As the 

concentration of (MC) increases in the inhibiting, 

there was an increase in the corrosion potential of 

the inhibited samples. This increase in corrosion 

resistance obtained for the inhibited samples could 

be attributed to the various functional groups 

present in (MC). The polarization measurement 

results showed that the effect of the addition of MC 

extract on corrosion inhibition of steel pipelines in 

sulphuric acid decreased current density with an 

increase in inhibitor concentrations. The inhibition 

of both anodic and cathodic reactions was increased 

with an increase in MC extract concentrations. 

Table 6 indicated that the effect of addition of MC 

extract on corrosion inhibition of mild steel in 

sulphuric acid decreased current density with 

increase in inhibitor concentration. The inhibition of 

both anodic and cathodic reactions were increased 

with an increase in MC extract concentration. 

Inhibitors indicated anodic or cathodic type when 

corrosion potential shifted more than 85 mV of the 

corrosion potential absence inhibitor. From the 

Table, Ecorr shifted was less than 85 mV and can 

be classified as mixed type corrosion inhibitor 1,4,8. 

The Tafel plots show that the presence of the extract 

caused a decrease in both the anodic and cathodic 

current densities. The addition of MC extract to the 

H2SO4 solution reduces the anodic dissolution of 

iron and retards the cathodic hydrogen evolution 

reactions. Both corrosion current density and 

corrosion rate were considerably reduced in the 

presence of the extract.23,26 
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Fig. 6

 
– the Tafel curves for steel pipelines in 0.5 M H2SO4 in the absence and presence of MC extract concentrations at 30°C. 

 
Table 6 

The corrosion kinetic parameters of mild steel in 0.5 M H2SO4 in the absence and presence of MC extract at 30°C 

MC(g/L) –Ecorr (SCE) (mV) Icorr (mA/cm2) 
Tafel slopes (mV/decade)                                               

ba                                 bc 

Inhibition efficiency 

(IE %) 

Control  0.502 8.691 72 90 – 

3 0.549 0.779 73 93 91.02 

6 0.550 0.610 74 94 93.00 

9 0.521 0.539 75 95 93.80 

12 0.547 0.478 76 95 94.50 

15 0.546 0.479 76 96 94.48 

 

Surface morphological analyses 

The morphologies of the steel pipeline samples 

as received, without and with optimum 

concentrations in Musanga cecropioides (MC) in 

0.5M sulphuric acid solutions were presented in 

Figs. 7, 8, and 9 respectively. Figure 7 presents the 

SEM morphology of steel pipelines of as-received 

samples in a polished state. Figure 8 is the polished 

sample in the presence of 0.5M H2SO4 solution 

without extract and Fig. 9 represents the polished 

sample in 0.5 M H2SO4 solution with the extract of 

MC at the optimum concentration of 12 g/l.  

The surface of the coupon in Fig. 7 was 

completely smooth, without any indentations except 

the polished surface that was revealed. In Fig. 8, the 

pits initiation commenced which is often linked to 

the presence of local defects at the metal surface 

such as flaws in the oxide or segregation of alloying 

elements, presence of aggressive anions such as 

sulphates in the environment. Pit initiation occurs 

on the alloy surface passivated by an oxide film due 

to the damage caused by passivation of the 

electrolyte resulting in an anodic reaction on the 

metal surface while the unexposed protective 

surrounding becomes the cathode leading to 

localized corrosion. 35 As time progresses, the 

growth of pits increases from the SEM evaluation 

and obviously, the corrosion resistance decreases 

which confirmed that both weight loss and Tafel 
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results obtained are in agreement with each other 

and similar to the findings.36,37 Figure 9 coupon 

exposed to corrodent in the presence of optimum 

concentration was less rough, and neat, and the 

quality of the steel pipelines was enhanced in the 

presence of the extract. Hence, the propagation of 

pits in the coupon was impeded by the adsorption of 

the inhibitor on the steel pipeline's surface. The 

adsorption of components of MC leaf extract could 

be attributed to their functional groups obtained 

from phytoconstituents and FT-IR results. The MC 

can be considered to be a good and effective 

corrosion inhibitor of material in sulphuric acid and 

is similar to the previous findings.38–40 

 

 

Fig. 7
 
– SEM/EDS of as-received steel pipelines coupon. 

 

 

Fig. 8
 
– SEM/XRD of steel pipelines in 0.5 M H2SO4 in the absence of MC extract. 
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Fig. 9
 
– SEM/XRD of steel pipelines in the presence of an optimum inhibitor of MC. 

 

CONCLUSIONS 

From the research work carried out, the 

following conclusion can be drawn: 

Musanga cecropioides (MC) leaf extracts 

represent a promising, eco-friendly, and cost-

effective corrosion inhibitor for protecting oil and 

gas equipment in acidic environments, aligning with 

the industry's sustainable and efficient operations 

goals. 

The gravimetric weight loss technique showed 

the inhibiting effect of MC with a percentage 

inhibition efficiency of 95.76% at 12 g/l but 

decreased with increasing temperature.  

The extracts exhibit excellent corrosion 

inhibition properties in acidic environments, 

primarily attributed to the presence of bioactive 

compounds such as alkaloids, flavonoids, tannins, 

and saponins. These compounds adsorb onto metal 

surfaces, forming a protective barrier that 

minimizes corrosion. 

The corrosion inhibition efficiency of Musanga 

cecropioides (MC) increases with the increase in 

the concentration of inhibitor to an optimum at 12 

g/l, the inhibition efficiency was highest at 30°C and 

decreased with an increase in temperature from 30 

to 60°C. 

The FT-IR revealed some major constituents 

such as Chlorocompound, Aromatic phosphates, 

Amine, and Carboxyl acid which were adsorbed 

onto the steel pipeline surface in 0.5 M H2SO4 

solution and the morphology of the adsorbed 

protective films on the steel pipeline surface 

confirmed the high performance of the inhibitor of 

Musanga cecropioides (MC). 
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