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Abstract: Cowpea husk is an agro-industrial by-product that can be sustainable and cheaply obtained 

in large quantities. Ethanol extract of the husks (CWPE) was assessed as a corrosion inhibitor for X80 

steel in 1 M HCl at 303 – 333 K under static weight loss and electrochemical conditions, accompanied 

by functional group (FTIR) and surface morphological (SEM) analyses. The inhibition efficiency of 

94.6 % and 85.2 % were obtained at 303 and 333 K. CWPE acts as a mixed type corrosion inhibitor 

with a major influence on the anodic half-reaction and increases charge transfer resistance while 

decreasing double-layer capacitance and corrosion current density. Corrosion inhibition is attributed to 

spontaneous adsorption of CWPE phytocompounds on X80 steel surface best approximated by the 

Langmuir adsorption model. Adsorption is enabled mainly by O, N, and C=C sites affording surface 

protection and reduced pitting as observed by SEM. CWPE is a potential alternative corrosion inhibitor 

for X80 steel in mildly acidic environments.  
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1. Introduction 

Corrosion is a global domestic and industrial problem that causes the deterioration of 

structural materials, valuable metals, and alloys. The industry's familiar corrosive 

environments include water, moist air, acids, bases, and salts. Some media such as drilling 

mud, descaling solutions, formation water, produced water, wastewater, saline or seawater, and 

brines often encountered in the oilfield are corrosive [1]. Contact of steel construction materials 

with these media often results in corrosion and subsequent failure of materials with time. Acidic 

environments are the most corrosive of these media and can be encountered during 

cleaning/pickling, acid treatment of well, scale washing, reservoir acidizing, etc. To reduce the 

rate of acid corrosion, corrosion inhibitors, among others, are often added to the acid to be used 

for the operation.  
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Corrosion inhibitors are often added in small quantities. They should not reduce the 

medium's acidity or react with the acid. Therefore, careful design or selection of corrosion 

inhibitors is important. Inhibitors have been obtained from various natural and synthetic 

organic molecules [2-4], natural materials [5-7], and several other materials [8-10]. Due to 

environmental concerns, low cost, and sustainability, many scientists have recently sourced 

corrosion inhibitors from various plant parts extracts [11-14]. Many potential plant extracts for 

use as corrosion inhibitors are used for food. Therefore, plant extracts used for the production 

of corrosion inhibitors mustn't compete with food, which is already in short supply in some 

communities. Based on this, we considered sourcing corrosion inhibitors from the agro-

industrial by-product.  

Cowpea husk extract has previously been reported to be efficient in inhibiting 

aluminum corrosion in 0.5 M NaOH and 0.5 M H2SO4 solutions [15]. From our extensive 

literature search, the potential and application of Cowpea husk extract as a corrosion inhibitor 

in hydrochloric acid solution, seawater, formation water, descaling or acid wash solution, 

pickling fluid, and other acidic environments often encountered in petroleum production [16]  

has not been documented. In this study, we demonstrate and document the application of 

cowpea husks extract (CWPE) as a corrosion inhibitor for X80 steel in 1 M HCl for the first 

time. The selection of cowpea husk is informed by previous reports that it contains many 

classes of phytocompounds similar in structural features to some established corrosion 

inhibitors. It can also be sourced from farms free of charge, being that it is often disposed of 

after removing the seeds. Fig. 1 shows the picture of freshly harvested cowpea and dry cowpea 

husk from which the seed has been removed. The scientific name of the cowpea species used 

for this study is Vigna unguiculata. The corrosion inhibition studies are conducted by weight 

loss and electrochemical techniques. Complementary techniques like FTIR are used to 

determine the functional groups associated with the adsorption of CWPE on steel surfaces, 

while SEM is used to observe the morphology of the steel surface. X80 steel is selected for this 

study because of its widespread application in constructing pipeworks and reaction vessels 

[17]. 

 
Figure 1. (i) Freshly harvested cowpea made up of seeds and husk (ii) Dry cowpea husk after separation of 

seeds. 

2. Materials and Methods 

2.1. Preparation of steel specimens. 

Coupons of X80 steel were purchased from Shengxin Technology Co. Ltd, Xinyang, 

China. The chemical composition was: (wt. %) C (0.17), Si (0.38), Mn (1.25), P (0.015), S 

(0.002), Mo (0.20), Nb (0.04), Ti (0.015), Fe (bal). Coupon surfaces were treated by degreasing 

in absolute ethanol, polishing with different grades of silicon carbide, and cleaning following 

(ii) (i) 
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ASTM procedures [18]. Some coupons were insulated with epoxy adhesives and 1 cm2 of the 

surfaces were exposed to be used for electrochemical tests.  

2.2. Test solutions. 

All reagents used were of analytical grades. HCl was dissolved to 1 M using doubly 

distilled water. Freshly harvested cowpeas were dried in air at laboratory temperature for one 

week. The seeds were separated from the husks, and the dried husks were milled and extracted 

in ethanol. The extract was concentrated using a rotary evaporator and dried to powder in the 

oven at 40 oC. Different masses of dry extract were prepared in 1 M HCl to obtain 

concentrations 100 ppm to 1000 ppm. The extract has been reported to contain some phenolic 

compounds such as gallic acid, vanillic acid, syringinc acid, quercetin, myricetin 3-oglcoside 

caffeic acid, ferulic acid, coumaric acid, and synaptic acid [19]. 

2.3. Weight loss experiment. 

Weight loss was measured after suspending the coupons (dimensions 1 cm x 1 cm x 0.5 

cm) in each test solution for 5 hours. Retrieved coupons were cleaned following ASTM 

standard procedures and then rinsed in acetone to air dry. Triplicates of measurements were 

made, and average weight loss values were used to calculate corrosion rate. This was repeated 

at different temperatures from 303 K to 333 K.  

2.4. Electrochemical techniques. 

Gamry ZRA REF 1800-18042 electrochemical workstation was used for these 

experiments. The counter, reference, and working electrodes were platinum, saturated calomel 

electrode (SCE), and X80 steel specimen. The entire assembly and cell were allowed for 30 

mins so that corrosion may occur and stabilize the open circuit potential (OCP) before actual 

measurements were taken [20]. Triplicate experiments were conducted at room temperature 

(30 ± 2 oC), and frequency range of 100 kHz to 10 mHz for EIS, the voltage range of −0.15 V 

-to + 0.15 V vs. OCP, and a scan rate of 0.2 mV/s for PDP but average values are reported. 

Gamry E-Chem software was used to analyze data.  

2.5. FTIR studies. 

A small amount of sample was prepared with KBr into a thin film, and the spectrum 

was obtained within the range of 350 – 4000 cm-1 using a Lasany LI-5500 FTIR 

Spectrophotometer. After immersion in the inhibited solution for five hours, the surface film 

on X80 steel was similarly analyzed after washing it with distilled water.  

2.6. SEM studies. 

X80 steel coupons used were of dimension 1 cm x 1 cm x 0.5 cm. The coupons were 

immersed in the blank corrodent and the inhibited solution for 5 hours. They were retrieved 

and cleaned as earlier described, then scanned by SEM. 
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3. Results and Discussion 

3.1. Electrochemical impedance spectroscopy (EIS). 

In Fig. 2(i and ii), Nyquist and Bode modulus and phase angle plots, respectively, 

constructed using experimental data, are shown, and the corresponding EIS parameters 

deduced are given in Table 1. It can be observed that all the curves show depressed semicircular 

shapes. This connotes a similar corrosion mechanism for all the test solutions, whether 

inhabited or not. However, each semicircle intercepts the x-axis at a different distance from the 

origin, and the diameter of each semicircle increases as the concentration of CWPE increases. 

This diameter corresponds to solution and charge transfer resistances. Both solution and charge 

transfer resistances increase as CWPE concentration increases, demonstrating the inhibitive 

effect of CWPE due to the adsorption of its phytocompounds on the steel electrode surface.  

The resulting electrical circuit was modeled using the simple constant phase element 

(CPE) equivalent circuit model (Fig. 2(iii). By analyzing experimental results using this model, 

the values of charge transfer resistance (Rct) and solution resistance (Rs) were obtained. Double-

layer capacitance, Cdl (obtained by using Eq. 1), decreases as CWPE concentration increases, 

supporting an increase in local dielectric due to the adsorption of CWPE species on the 

electrode surface. The inhibition efficiency (%𝐼𝐸𝐼𝑆) of CWPE systems was calculated using Eq. 

2. A small concentration of CWPE (100 ppm) affords inhibition efficiency as high as 81.7 % 

at 30 oC. As concentration increases to 1000 ppm, higher efficiency of 92.0 % was obtained. 

Thus, inhibition efficiency increases as CWPE concentration increases, similar to other plant 

extracts previously reported [6].   

𝐶𝑑𝑙 = (𝑌0 𝑅𝑐𝑡
𝑛−1)

1

𝑛       (1) 

%𝐼𝐸𝐼𝑆 = 100 (
𝑅𝑐𝑡𝐼− 𝑅𝑐𝑡𝐵

𝑅𝑐𝑡𝐼
)      (2) 

given that 𝑅𝑐𝑡𝐵 and 𝑅𝑐𝑡𝐼 are charge transfer resistances with and without adding CWPE, 

respectively, 𝑛 is a constant of the phase angle and 𝑌𝑜 is the CPE constant.  

The value of n can be used to infer information on the degree of surface roughness and 

deviation of the CPE from pure capacitive, resistive or inductive behavior [10]. Being higher 

(value of n) in the presence of the inhibitor than in the blank shows that surface roughness 

decreased with the addition of CWPE compared to the absence of CWPE. Adsorption of CWPE 

species on the steel surface reduces corrosive attack, which in turn decreases the surface 

inhomogeneity of the electrode, as depicted by an increase in n values as CWPE concentration 

increases.   

Table 1. Some EIS parameters deduced from the Nyquist plot. 

Test solution 𝑹𝒔 (Ω) 𝑹𝒄𝒕 (Ω) 𝒏 𝑪𝒅𝒍 %𝐼𝐸𝐼𝑆 

Blank 0.6723±0.0082 130±2 0.8214 14.29 - 

100 ppm CWPE 0.7208±0.0103 710±3 0.8322 9.23 81.7±0.2 

500 ppm CWPE 0.9085±0.0105 1126±5 0.8501 3.82 88.5±0.3 

1000 ppm CWPE 1.0211±0.0112 1618±9 0.8772 0.28 92.0±0.5 

3.2. Potentiodynamic polarization (PDP). 

Some potentiodynamic polarization parameters obtained from analyses of experimental 

results are shown in Table 2, while potentiodynamic polarization curves plotted are shown in 

Fig. 2(iv). The highest corrosion current density was measured in the uninhibited acid solution, 

whereas lower currents were obtained in the inhibited solutions. This indicates that the addition 
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of CWPE reduces corrosion current due to the adsorption of its Phyto-molecules on the 

electrode (steel) surface, hence the corrosion inhibition effect. Inhibition efficiency (%𝐼𝑃𝐷𝑃) 

was calculated from the corrosion current densities using Eq. 3, and the obtained efficiency 

increased when CWPE concentration was raised, similar to EIS results. From Fig. 2(iv), it can 

be observed that the addition of CWPE displaces the curves toward more positive corrosion 

potential (𝐸𝑐𝑜𝑟𝑟). This should imply that CWPE acts as an anodic type corrosion inhibitor. 

Also, the anodic branches of the potentiodynamic polarization curves are more distorted 

compared to the cathodic branches. Likewise, there are larger dislodgment in the values of 

anodic Tafel constants (𝛽𝑎) of the inhibited solutions than the cathodic constants (𝛽𝑐) when 

compared to the 1 M HCl solution. All these reveal that the anodic half-reaction is more 

influenced by the addition of CWPE due to the corrosion inhibition effect. However, the 

greatest extent of displacement in 𝐸𝑐𝑜𝑟𝑟 is only ±63 mV which is less than ±85 mV required to 

categorize an inhibitor as an anodic or cathodic type [21]. Thus, CWPE can therefore be viewed 

to act as a mixed-type inhibitor with domino anodic impact [22].  

%𝐼𝑃𝐷𝑃 = 100 (1 −
𝐼𝑐𝑜𝑟𝑟

𝑖

𝐼𝑐𝑜𝑟𝑟
𝑏 )      (3) 

where 𝐼𝑐𝑜𝑟𝑟
𝑏  and 𝐼𝑐𝑜𝑟𝑟

𝑖  are the measured corrosion current densities without and with the addition 

of CWPE respectively. 

 
Figure 2. (i) Nyquist plot and (ii) Bode modulus and phase angle plot (iii) Equivalent circuit model and (iv) 

Potentiodynamic polarization curves for the corrosion of X80 steel in blank 1 M HCl and CWPE inhibited 1 M 

HCl. 

Table 2. Some parameters deduced from PDP curves. 

Test solution 𝑰𝒄𝒐𝒓𝒓 (mAcm-2) 𝑬𝒄𝒐𝒓𝒓 (V) 𝜷𝒂 (𝒎𝑽𝒅𝒆𝒄.−𝟏) 𝜷𝒄 (𝒎𝑽𝒅𝒆𝒄.−𝟏) %𝑰𝑷𝑫𝑷 

Blank 910±5 0.551±0.013 152.8 107.2 - 

100 ppm CWPE 156±3 0.529±0.011 138.8 112.1 82.9±0.3 

500 ppm CWPE 101±2 0.497±0.008 129.5 110.6 88.9±0.2 

1000 ppm CWPE 61±2 0.488±0.010 128.6 109.4 93.3±0.4 
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3.3 Weight loss. 

A weight loss experiment was also conducted to quantify the amount of the X80 steel 

substrate dissolved due to acid corrosion and corrosion at different temperatures. Weight loss 

data (∆𝑤) in the presence (𝑤𝑖) and absence (𝑤𝑜) of different concentrations of CWPE were 

used to calculate corrosion rate (𝐶𝑅) according to Eq. 4, while inhibition efficiency (%𝐼𝑤𝑙) was 

calculated using Eq. 5.   

𝐶𝑅 =
𝑘(𝑤𝑜−𝑤𝑖)

𝜌𝐴𝑡
        (4) 

%𝐼𝑤𝑙 = 100 (
𝐶𝑅0  − 𝐶𝑅1 

𝐶𝑅0 
)       (5) 

where 𝑘 is a factor that converts cmh-1 to mmy-1 and 𝜌 is the density of iron [23] 𝐶𝑅0 and 

𝐶𝑅1are the corrosion rates without and with the addition of CWPE. 

It was observed (Table 3) that without the inhibitor, the corrosion rate was as high as 

3.21 mmpy and 14.23 mmpy at 303 K and 333 K, respectively, but reduced to 0.17 mmpy and 

2.10 mmpy at 303 K and 333 K respectively on the addition of 1000 ppm CWPE. This 

corresponds to 94.6 % and 85.2 % inhibition efficiency at 303 K and 333 K, respectively. 

Inspection of Table 3 also reveals that as temperature increases, the inhibitive effect of CWPE 

decreases, similar to some plant extracts reported as corrosion inhibitors in literature [24]. 

CWPE contains various compounds that possess electron-rich potential adsorption sites (see 

Fig. 3), such as phenolic compounds (e.g., protocatechuic acid, syringic acid) [25], and 

flavonoids (e.g., quercetin, myricetin 3-Oglcoside) [26] and condensed tannins [27]. 

Adsorption of these and other phyto-compounds of CWPE on X80 steel surface may have 

resulted in corrosion inhibition [27]. 

 
Figure 3. Molecular structures of some compounds in CWPE, namely (i) syringic acid (ii) quercetin (iii) 

myricetin 3-Oglcoside, and (iv) protocatechuic acid. 

Compared to previous reports, CWPE extract was 78 % and 79 % efficient as a 

corrosion inhibitor for aluminum in 0.5 M NaOH at 303 and 333 K, respectively, and 61 % and 

66 % efficient in 0.5 M HCl at 303 and 333 K, respectively [15]. In that report, the efficiency 

of CWPE increased as temperature increased, which was attributed to the chemical adsorption 

of CWPE phytochemicals on the aluminum surface. However, our studies with 1 M HCl yield 

a different trend. Instead, CWPE efficiency decreases when temperature increases, which may 

be attributed to the physical adsorption of CWPE phytochemicals. Thus, it can be explained 

that while the aluminum surface favors the chemisorption of CWPE phytocompounds on its 

surface, adsorption of the same on X80 steel surface is favored by the physisorption 

mechanism. As found in the present study, CWPE is more efficient for X80 steel surface 

protection in 1 M HCl at lower temperatures.     

(iv) 

(iii) 

(ii) 
(i) 
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Table 3. The corrosion rate of X80 steel in 1 M HCl at different CWPE concentrations and temperatures with 

the corresponding inhibition efficiency. 

Test  

solution 

303 K 313 K 323 K 333 K 

CR %𝑰𝒘𝒍 CR %𝑰𝒘𝒍 CR %𝑰𝒘𝒍 CR %𝑰𝒘𝒍 

Blank 3.21 - 5.87 - 9.76 - 14.23 - 

100 ppm CWPE 0.83 80.4 1.30 77.9 2.52 74.2 4.47 68.6 

250 ppm CWPE 0.46 85.7 1.09 81.4 2.21 77.4 3.61 74.6 

500 ppm CWPE 0.35 89.2 0.80 86.3 1.79 81.7 3.10 78.2 

750 ppm CWPE 0.25 92.1 0.64 89.1 1.50 84.6 2.56 82.0 

1000 ppm CWPE 0.17 94.6 0.43 92.6 1.13 88.4 2.10 85.2 

3.4. Kinetic and thermodynamic considerations. 

The calculated magnitudes of corrosion rate were fixed into the Arrhenius (Eq. 6) and 

transition state equation (Eq. 7), and line graphs shown in Fig. 4(a-b) were plotted. The 

apparent activation energy (𝐸𝑎), enthalpy change (∆𝐻∗) and entropy change (∆𝑆∗) of activation 

(Table 4) were computed from analyses of the plots.  

log 𝐶𝑅 =  log 𝐴 − 
𝐸𝑎

2.303𝑅𝑇
      (6) 

log(
𝐶𝑅

𝑇
) =  [(log (

𝑅

𝑁ℎ
) + (

∆𝑆∗

2.303𝑅
))] − (

∆𝐻∗

2.303𝑅𝑇
)   (7) 

where A is the Arrhenius frequency factor, R is the universal gas constant, T is absolute 

temperature, 𝑁 is Avogadro’s number, and ℎ is Planck’s constant. 

It was observed that 𝐸𝑎was lowest in 1 M HCl solution but increased with increasing 

CWPE concentration. Since 𝐸𝑎 is a minimum energy ‘wall’ for reaction to occur; the addition 

of CWPE may have increased this barrier, making it difficult for the acid to attack the surface, 

which implies inhibition of the corrosion [28]. The trend of 𝐸𝑎 observed supports physisorption 

mechanism and agrees with previous literature reports [15,28]. All the ∆𝐻∗values obtained 

were negative, representing exothermicity while ∆𝑆∗values were a positive signifying 

association of inhibitor and surface species at the activated complex [29]. Sinc. ∆𝐻∗ values are 

less negative than -40 kJmol-1, the adsorption of CWPE on X80 steel surface was spontaneous 

and occurred via a physical adsorption mechanism. This implies that the forces that held CWPE 

species on the steel surface were coloumbic (electrostatic) or weak van der Waals forces. Small 

and positive values of ∆𝑆∗ obtained is consistent with spontaneous exothermic adsorption at 

the studied temperatures.   

Table 4. Activation parameters calculated from Arrhenius and Transition state plots. 

CWPE 

Conc (ppm) 

𝑬𝒂 
(kJmol-1) 

𝑨 

(mmpy) 

∆𝑯∗ 

(kJmol-1) 

∆𝑺∗ 

(kJmol-1) 

0 31.44 1.88 x 105 -18.42 0.41 

100 34.82 1.96 x 106 -32.06 0.33 

250 38.03 3.21 x 106 -33.71 0.33 

500 42.17 4.08 x 106 -36.16 0.31 

750 44.80 2.01 x 107 -38.07 0.30 

1000 49.96 3.56 x 107 -38.96 0.30 

3.5. Adsorption isotherm. 

Plant extracts and organic molecules are understood to inhibit corrosion using 

adsorption. As previously explained, inhibitor molecules first drift from the solution to the 

surface, where they condense on the surface [30]. Some condensing molecules adsorb and 

cover a fraction of the surface, while others desorb from the surface depending on the system 

condition. The fractional surface coverage (𝜃) was estimated from the obtained inhibition 

efficiency values (Eq. 8). The values of 𝜃 fitted best into the Langmuir adsorption model (R2 
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≥ 0.9997) among the several models tested. The Langmuir adsorption isotherm (Fig. 4c) was 

plotted based on the expression in Eq. 9, and some adsorption parameters were evaluated (Table 

5).  

𝜃 =  𝐸𝑤𝑙/100      (8) 
𝐶

𝜃
=  

1

𝐾𝑎𝑑𝑠
+  𝐶       (9) 

where C is the inhibitor concentration, 55.5 represents the concentration of water in the 

solution, and 𝑅 is the universal gas constant, 𝐾𝑎𝑑𝑠 represents the inhibitor condensation-

evaporation equilibrium constant which can be expressed in terms of the free energy change 

(∆𝐺𝑎𝑑𝑠) by Eq. 10.   

∆𝐺𝑎𝑑𝑠 = −𝑅𝑇 ln(55.5𝐾)    (10) 

From Table 4, two things can be observed: first, the values of 𝐾𝑎𝑑𝑠 decreases as 

temperature increases. This indicates that an increase in temperature shifts the adsorption-

desorption equilibrium to the left, favoring the desorption of some previously adsorbed CWPE 

Phyto-molecules [29]. This also denotes that the inhibitor-steel surface binding power 

decreases as temperature rises. Secondly, ∆𝐺𝑎𝑑𝑠 values are all negative and decrease as 

temperature increases showing that the CWPE molecules adsorbed spontaneously on the steel 

surface; the spontaneous adsorption becomes less easy as temperature decreases, typical of the 

physical adsorption mechanism. The values of ∆𝐺𝑎𝑑𝑠 are less negative than -20 kJmol-1, which 

fall among the range assigned to the physisorption mechanism [29]. In addition, the slopes were 

approximately unity in magnitude, which is consistent with the assumptions associated with 

the derivation of the Langmuir model. This demonstrates that the adsorbed inhibitor species 

could have formed only a monolayer. 

 
Figure 4. (a) Arrhenius plot and (b) Transition state plot, and (c) Langmuir adsorption isotherm for the 

inhibition of X80 steel corrosion in 1 M HCl using different concentrations of CWPE at 303 – 333 K. 

Table 5. Adsorption parameters calculated from Langmuir adsorption isotherm. 

T (K) Slope R2 𝑲𝒂𝒅𝒔 (x103) ∆𝑮𝒂𝒅𝒔 (kJmol-1) 

303 1.03 0.9999 4.01 -15.01 

313 1.06 0.9998 3.28 -13.46 

323 1.11 0.9998 1.77 -11.85 

333 1.13 0.9997 1.24 -11.04 

3.6. Corrosion products and mechanistic study. 

FTIR studies were conducted to predict the functional groups possibly involved in the 

adsorption of CWPE on the X80 steel surface. The spectral features of the pure CWPE and the 

surface adsorbed film scrapped from the X80 steel surface after immersion in the inhibited 

solution (Fig. 5) were compared. Firstly, it was observed that the spectrum of both substances 
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was similar, demonstrating that the species on the surface come from the CWPE. Secondly, 

some of the peaks in the spectrum of the adsorbed film were slightly different in intensity and 

position than that of the pure CWPE. This indicates that certain functional groups in CWPE 

were involved in adsorption, which resulted in modifying their vibrational spectral 

characteristics. As obtained in the present study, changes in FTIR peaks show that the 

physisorption mode of adsorption was dominant. If chemical adsorption had occurred, there 

would have been outright disappearance of peaks corresponding to the associated functional 

groups. Physical adsorption mechanism predicted also collaborates with a prediction made 

from adsorption studies. 

The sharp, intense peaks at1600 -1650 cm-1 and 1380 – 1400 cm-1 became broad and 

less intense after adsorption. The 1600 – 1650 cm-1 peak may represent C=C, C=O, C=N 

stretching or N-H bending vibrations, while 1380 – 1400 cm-1 could represent O-H bending 

(phenol, carboxylic, or alcohol). The peaks at 1090 -1100 cm-1 (C-O stretching of alcohol, 

anhydride) and 1150 – 1160 cm-1 (C-O stretching of aliphatic ether or tertiary alcohol) can be 

seen to have resolved to one broad peak after adsorption, similar to the peaks at 1780 (C=O 

stretching vinyl or phenyl ester) and 1740 cm-1(C=O stretching aldehyde). The medium peak 

at 3200 – 3500 cm-1 corresponding to O-H stretching of alcohol or carboxylic became very 

broad after adsorption. These show that the adsorption of CWPE could have been facilitated 

by the listed groups.  
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Figure 5. FTIR spectra of pure CWPE (black) and surface adsorbed film on X80 steel. 

3.7. Surface examination. 

To observe the extent of surface deterioration, the surfaces of the steel in 1 M HCl and 

CWPE were scanned by SEM. Results (Fig. 6) illustrate that the surface of X80 steel retrieved 

from the acid solution was harshly damaged, very irregular, and undulant compared to the 

surface retrieved from the CWPE solution. This supports that CWPE offers protection to the 

surface and retards the corrosion rate of 1 M HCl. Similar results have been reported by other 

researchers [30,31]. 

 
Figure 6. SEM micrographs of X80 steel surface immersed in (a) 1 M HCl and (b) 1 M HCl containing 1000 

ppm CWPE. 

(a) (b) 
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4. Conclusions 

Cowpea husk extract (CWPE) was investigated as a green corrosion inhibitor for steel 

in a simulated oilfield scale cleaning solution. CWPE is at least 93% and 85% efficient in 

inhibiting X80 steel corrosion in 1 M HCl at 303 K and 333 K, respectively. The inhibitive 

effect of CWPE increases as its concentration increases but decreases with a temperature rise. 

CWPE functions as a mixed-type inhibitor with a predominant effect on the anodic half-

reaction. Increased CWPE concentration decreases corrosion current and double layer 

capacitance but increases charge transfer resistance. CWPE is physically adsorbed on an X80 

steel surface enabled by C, N, and O sites from its constituent phyto-compounds. CWPE can 

be considered a potential eco-friendly anti-corrosion additive for steel surface protection 

against corrosion in oilfield acid wash solution. 
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