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Here, a green extraction of castor-bean (GECB) as an inhibitor was used for anti-corrosion 

enhancement of low carbon steel plates in simulated oilfield produced water (SOPW). The analysis 

was performed by electrochemical impedance spectroscopy (EIS), polarization and scanning electron 

microscopy evaluation. The EIS analysis indicated that the charge-transfer resistance values were 

considerably increased as the concentration of GECB inhibitor increased in the SOPW which exhibited 

that the existence of GECB caused to improve the corrosion resistance of low carbon steel plate. The 

polarization assessment reveals that the GECB addition increased the corrosion resistant performance 

in low carbon steel plates noticeably with the formation of protective passive film. FESEM images of 

the samples indicate that the corrosion pits formed on the steel surface were reduced when GECB was 

added to SOPW, which is compatible with obtained electrochemical results. These results revealed that 

extraction of the castor-beans acted as a proper corrosion inhibitor and had a main participation in the 

inhibition process since it indicated 72% of inhibitor efficiency for 100 mg/L. 

 

 

Keywords: Green extraction of castor-bean; Corrosion inhibitor; simulated oilfield produced water; 

Electrochemical evaluation 

 

 

1. INTRODUCTION 

Carbon steel is almost the most common building material for pipelines in the gas and oil 

industry [1, 2]. However, carbon steels are sensitive to corrosion in the environment, including oilfield 

produced water (OPW). Thus, the corrosion of the steels in OPW has become a significant issue [3]. 

Problems arising from OPW corrosion have caused the development of different techniques for 

corrosion control [4]. Using inhibitors has been recognized as the most economical and a very practical 

technique for combating OPW corrosion [5]. Most inhibitors are synthetic chemicals. Although their 

inhibitory efficiency is excellent, their high toxicity may not be ignored [6, 7].  
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China has a variety of oleaginous plants, including castor bean, oil palm, cotton, and soy bean, 

all of which have suitable chemical compounds for composition [8, 9]. Moreover, they usually present 

high levels of carbohydrates and proteins, oxygen-rich organic compounds and nitrogen, elements that 

are commonly used to inhibit corrosion [10, 11]. Furthermore, castor beans are high in protein. 

Sathiyanathan et al. used a castor leaf ethanolic extract as an inhibitor for carbon steel in 3.5 wt% NaCl 

solution [12]. By electrochemical and gravimetric tests, they determined that the substrate operated as 

a mixed inhibitor, getting 84% efficiency for 300mgL-1 extract. Abdulwahab considered the castor oil 

to inhibit the corrosion of Al alloys in H3PO4 and HCl solutions [13]. The electrochemical assessments 

revealed that the resistance in the 2M H3PO4 was more efficient, forming a passivating layer created by 

the fatty acid in the oil.  

Although much research has been done on corrosion behavior of low carbon steel in the oilfield 

wastewater environment, no reports are available on the corrosion behavior of low carbon steels in 

SOPW. The aim of this study is to consider and assess the efficiency of a green extraction of castor-

bean (GECB) for the corrosion behavior of low carbon steel in the new proposed SOPW. For this 

purpose, electrochemical methods such as EIS and potentiodynamic polarization were used. 

 

 

 

2. MATERIALS AND METHODS 

In order to evaluate the effect of GECB inhibitor on corrosion behavior of low carbon steel 

plates, electrochemical tests were performed on steel plates with a thickness of 3 mm, length of 5 cm 

and width of 5 cm in simulated oilfield produced water (SOPW). The composition of the used low 

carbon steel is shown in Table 1. 

 

 

Table 1. The compositions of low carbon steel plate (wt%) 

 

C Mn Cu P Si Ni S Fe 

0.09 0.48 0.15 0.012 0.04 0.05 0.02 Residual 

 

 

The steel plates were cleaned with silicon carbide paper, and then washed and dipped in DI 

water and acetone.   

Castor beans are purchased from a local Chinese market. 30 g of CBs were positioned in 400 

mL of double distillation of boiling water for one hour infusion. Cotton was used for filtration, and the 

filtrates were packaged and frozen at -8°C. Then, the frozen filtrates were lyophilized at a temperature 

of -60°C, producing a powder as the final product. The physical properties of used castor bean extract 

have been summarized in table 2. 
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Table 2. Physical properties of used castor bean extract 

 

Density (g/mL) 0.959 

Viscosity (centistokes) 889.3 

Thermal conductivity (W/m°C) 4.73 

Specific heat (kJ/kgK) 0.089 

Pour point (°C) 2.7 

Flash point (°C)  145 

Refractive index  1.48 

Melting point (°C)  −2 to −5 

 

 

The SOPW as basic test solution with a pH of 8 was prepared by deionized water and analytical 

grade reagents; the chemical compositions are shown in Table 3. 

 

 

Table 3. Chemical composition of simulated oilfield produced water 

 

Composition  

 

NaCl MgCl2 KCl CaCl2 NaHCO3 Na2SO4 Na2CO3 

 

Content (g/ L) 16.62 1.66 0.35 0.51 3.06 1.11 0.03 

 

 

A three-electrode cell was applied during the electrochemical assessments, with low carbon 

steel, platinum and saturated-calomel electrodes as working, counter and reference electrodes, 

respectively. The EIS analysis was done at the frequency range between 100 kHz and 0.01 Hz at 

10mV. The polarization characterization was performed at a scan rate of 1 mV/s. In this work, the 

experiments were done in 500 mL of SOPW with concentration of 0, 25, 50 and 100 mg/L GECB 

inhibitor which are shown as GECB0, GECB25, GECB50 and GECB100, respectively. The surface 

morphology of the steel specimens was conducted by a scanning electron microscope (SEM).  

 

 

 

3. RESULTS AND DISCUSSION 

The Nyquist plots of low carbon steel plates into the SOPW with different concentrations of 

GECB inhibitor at after immersion time of 48 h at room temperature are indicated in Figure 1. The 

entire semicircular loop was revealed when the sample was exposed to the SOPW without inhibitor, as 

shown in Fig. 1. The samples subjected to the SOPW with GECB inhibitor had an incomplete 

semicircle loop and a larger radius than the samples without the inhibitor, indicating that the GECB 

inhibitor has a significant corrosion behavior. As the inhibitor content of SOPW increased, the 

semicircle loop diameter increased due to the formation of a passive film or adsorption of GECB in the 
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anodic site of low carbon steel, which reduces iron dissolution [14]. The passive layer decreases the 

attack of corrosive ions on the steel surface and proficiently controls the pitting corrosion. Figure 2 

indicated an equivalent circuit model used in this work. Rs presents solution resistance. Cf and Rf show 

the capacitance and the resistance of the passive layer, respectively [15]. Rct and Cdl present the charge-

transfer resistance and double-layer capacitance of the low carbon steel surface, respectively [16]. The 

obtained results are exhibited in Table 3. 

 

 
 

Figure 1. EIS diagrams of low carbon steel plates into the SOPW with different concentration of 

GECB inhibitor at after immersion time of 48 h. 

 

 

 
 

Figure 2. A circuit model  

 

 

The best fitting results are shown in Table 4. As indicated, the Rct values were considerably 

increased from 3.6 kΩ to 12.8 kΩ, as the concentration of GECB inhibitor increased in the simulated 

oilfield produced water which exhibited that the existence of GECB caused to improve the corrosion 

resistance of low carbon steel plate.  
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Table 4. The best fitting results obtained from equivalent circuit for low carbon steels into the 

simulated oilfield produced water with different concentration of GECB inhibitor after 

immersion time of 48 h 

 

Inhibitor  Rs (Ω) Rf(kΩ) Cf(μFcm-2) Rct (kΩ) Cdl(μFcm-2) 

GECB0  28.4 2.2 19.4 3.6 29.6 

GECB25  27.8 5.4 12.6 6.9 21.3 

GECB50  23.6 7.1 7.8 9.7 14.8 

GECB100  25.7 9.8 4.5 12.8 10.5 

 

 

Inhibitor efficiency (µi) was measured by the following equation:  

 

µi (%) = 100×(Rct – Rct*)/ Rct                                                      (1)  

 

where Rct and Rct* are the charge-transfer resistance with and without inhibitor. 

Table 5 indicates the µi comparison of various inhibitors as mentioned in literature. As shown, 

the µi of GECB inhibitor in this study was comparable with other inhibitors gained from literature. 

Figure 3 indicates the Bode plots of low carbon steel plates immersed in simulated oilfield 

produced water with different concentration of GECB inhibitor after immersion time of 48 h. As 

revealed, when inhibitor volumes were increased from 0 to 100 mg/L, the impedance values enriched 8 

times, which indicates that the high amount of GECB inhibitor strangely controls the corrosion 

behavior of the low carbon steel in the SOPW. It can be associated with the whole cover of the active 

surface of low carbon steel plate by GECB inhibitor [17]. 

 

 

Table 5. Theµicomparison of various inhibitors as mentioned in literature 

 

Inhibitors  Environment µi (%) Ref. 

Aloe polysaccharide Simulated acidic oilfield water 84 [18] 

Cymbopogoncitratus Produced oilfield water 47 [19] 

Gemini surfactants Oilfield produced water 68 [20] 

Thiadiazole derivatives CO2-saturated oilfield produced 

water 

98 [21] 

Eucalyptus Globulus Alkaline chloride solution 87 [22] 

GECB Simulated oilfield produced water 72.0 This work 
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Figure 3. Bode plots of low carbon steel plates immersed in simulated oilfield produced water with 

different concentration of GECB inhibitor after immersion time of 48 h  

 

 

Moreover, it can be correlated to the creation of passive film on steel surface by inhibitor 

adsorption. This layer has an important effect in preventing corrosion ions from reaching the surface of 

the steel. The specimens immersed in the SOPW without GECB inhibitors were more sensitive to 

corrosion due to corrosive ions attack on the steel surface. Thus, a decrease in impedance values was 

observed in SOPW containing GECB inhibitor. As indicated in figure 3, the maximum phase angle for 

steel plates in simulated oilfield produced water containing GECB inhibitors at a lower-frequency were 

shifted to higher angles because of the formation of protective passive film [23]. The phase angles 

were shifted from -61° to -63° in SOPW with 50 and 100 mg/L GECB, showing the passive film was 

homogenous and uniform.  

 

 

 
 

Figure 4. The polarization plots of low carbon steel in SOPW without and with GECB at 25, 50, and 

100 mg/L 
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Figure 4 reveals the polarization plots of low carbon steel in SOPW without and with GECB at 

25, 50, and 100 mg/L. Table 5 shows the kinetic parameters derived from the Tafel extrapolation 

technique. Figure 4 shows that the existence of GECB regardless of its content causes the reduction of 

the current density of both branches. 

Inhibition efficiency (µi) of GECB in the SOPW is also indicated in Table 6. The µi is 

calculated as:  

 

µi (%) =100×(icorr-icorr*)/icorr                                           (2)  

 

where icorr* and icorr present the value of corrosion current density without and with GECB 

inhibitors, respectively. The increase in GECB content resulted in a reduction of current density, once 

compared to blank, enhancing the values of inhibition efficiency and obtaining a maximum µi value of 

90.3% at 100 mg/L, approving the above discussion about the formation of protective layer. After 50 

mg/L of GECB, the µi value increases very slight for long exposure time.  

 

 

Table 6. The kinetic parameters derived from the Tafel extrapolation technique 

 

Inhibitor Corrosion current 

density (µA/cm2) 

Corrosion 

potential (V) 

-βc  

(mVdec-1) 

βa  

(mVdec-1) 

µi (%) 

GECB0 819 -316 132 68 - 

GECB25 216 -304 117 59 73.6 

GECB50 88 -321 121 54 89.2 

GECB100 79 -424 123 57 90.3 

 

 

 
 

Figure 5. SEM images of low carbon steel plates into the SOPW (a) without (b) with GECB inhibitor 

after exposure time of 48 h  

 

Furthermore, it is found that by increasing GECB content, the Ecorr was shifted toward more 

positive value. The maximum shift of Ecorr was obtained for 100 mg/L GECB. Generally, Tafel slopes 
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for cathodic and anodic reactions change very slight by adding the inhibitors, which reveals the small 

difference of the βc and βa constants. Given that the GECB addition indicated a reduction of βa, the 

GECB acts as an inhibitor in the organic compounds in which the screening effect was added to 

activation effects. 

Figure 5 shows SEM images of low carbon steel plates in the SOPW with varying 

concentrations of GECB inhibitor after a 48-hour exposure time at room temperature. The surface of 

the low carbon steel plate exposed to the SOPW with 100 mg/L of GECB inhibitor exhibited low 

corrosion products and thin pits, revealing a small pitting corrosion shaped on the steel plate surface, 

which is according to the results attained from electrochemical analysis.  

 

 

4. CONCLUSION 

In this work, GECB was used as an inhibitor for anti-corrosion enhancement of low carbon 

steel plates in the SOPW. The analysis was performed by EIS, polarization and SEM evaluations. The 

EIS analysis indicated that the charge-transfer resistance values were considerably increased as the 

concentration of GECB inhibitor increased in the SOPW which exhibited that the existence of GECB 

caused to improve the corrosion resistance of low carbon steel plate. The polarization assessment 

reveals that the GECB addition increased the corrosion resistant performance in low carbon steel plates 

noticeably with the formation of protective passive film. SEM images of a low carbon steel plate 

exposed to the SOPW with 100 mg/L of GECB inhibitor exhibited low corrosion products and thin 

pits, revealing a small pitting corrosion shaped on the steel plate surface, which is according to the 

results attained from electrochemical analysis. These results revealed that extraction of the castor-

beans acted as a proper corrosion inhibitor and had a main participation in the inhibition process since 

it indicated 72% of inhibitor efficiency for 100 mg/L. 
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