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Absatrct 

 Ethanolic extract of Cassia Javanica leaves (CJL) on mild steel in acidic solution has 

been reviewed by electrochemical approaches specifically Potentiodynamic Polarization and 

Electrochemical Impedance Spectroscopy (EIS). Corrosion current density reduced with increase 

of inhibitor concentration.  The percentage of inhibition effectiveness is 88.44% at 1000 ppm of 

inhibitor concentration. Charge transfer resistance augmented and double layer capacitance 

reduced with increase of inhibitor concentration. The percentage of inhibition effectiveness 

achieved maximum of 84.85% at 1000ppm of inhibitor concentration. Morphological approaches 

of corrosion products formed on the mild steel surface existed using SEM-EDX, Optical Image 

and Atomic Force Microscopic (AFM) analysis. 

Key words: Cassia Javanica, Potentiodynamic polarization, Electrochemical impedance, 

Optical Image and AFM. 

Introduction 

 Most of the construction industries, manufacturing companies and workshops greatly 

depend on mild steel for various applications. Mild steels are generally afford properties like 

hardness, ductility, malleability and flexibility which made it as the prime metal in industrial 

utilization. However the destruction of metallic materials is due to the existence of acid solutions 

in the industries. Acids are naturally corrosive and it destroys the structure of materials due to 

hydrogen evolution. So the usages of inhibitors are the important one to prevent corrosion [1]. 

Generally chemical inhibitors are more efficient to control corrosion by forming a layer on the 

metal surface. But these inhibitors are expensive, non-biodegradable and highly spoil the 
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environment after their usage. Hence many Scientist looking for a inhibitor which is not 

hazardous to the environs [2-13]. Natural products are the great source of green inhibitors which 

include stems, leaves, bark, fruits, gums, seeds and flowers etc [14-17]. These parts mainly 

constitute hetero atoms like phosphorous, sulphur, nitrogen and oxygen etc. which gets adsorbed 

on the metallic surface, hence prevent further corrosion. In continuation of our work on using of 

green inhibitors [18-20], we have studied the corrosion inhibition behaviour of CJL extract on 

mild steel in 1N HCl solutions using morphological and electrochemical techniques. 

 

Electrochemical approaches 

Potentiodynamic polarization measurements  

 

Fig-1: Tafel plot of mild steel in 1N HCl containing various conc. (0 to 1000 ppm) of CJL 

extract 

 Polarizations of anodic and cathodic plot for mild steel dissolution in acid with and 

without CJL extract are shown in Fig-1. Tafel extrapolation method gives various parameters like 

corrosion current density (Icorr), corrosion potential (Ecorr), cathodic branch slope (bc), anodic 

branch slope (ba) and inhibition efficiency (% I.E) which were depicted in Table-1. The values of 

corrosion current density (Icorr) decreased with increasing CJL concentration (i.e. 3483 to 403 

µA/cm
2
). It is evident that the nitrogen atoms present in the CJL extract can donate a lone pair of 

electrons to the mild steel surface which adsorb more easily and hence diminish the corrosion 

rate of the metal. The inhibition efficiency increases with increasing inhibitor concentration and 
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reaches its highest value at a concentration of 1000 ppm. This phenomenon was ascribed to the 

increase in the number of molecules adsorbed on the active sites on the mild steel surface. If the 

displacement in Ecorr is > 85 mV with respect to E
o
 corr, the inhibitor can be seen as a cathodic or 

anodic type. In our study most of the displacement is less than 85 mV relative to uninhibited 

system. Hence the CJL extract is classified as a mixed-type inhibitor. Fig-1 reveals that addition 

of inhibitors to acid solutions has an effect on both anodic and cathodic slopes of the Tafel plots, 

reducing the rate of anodic metal dissolution as well as retarding the cathodic hydrogen evolution 

reaction. This indicates the mixed inhibitive nature of the inhibitors. 

Table-1: Parameters derived from polarization measurements of mild steel in 1 N HCl  

containing various conc. (0 to 1000ppm) of CJL extract 

Con. of 

inhibitor 

(ppm) 

-Ecorr 

(mV) 

ba 

(mV/decade) 

bc 

(mV/decade) 

Icorr 

(µA/ cm
2
) 

I.E 

(%) 

0 551.9 161.2 141.56 3483 - 

10 544.3 149.3 129.01 2263 35.03 

50 472.8 102.13 117.77 1211 65.23 

100 515.9 96.02 108.98 724 79.22 

500 460.0 91.57 109.88 693 80.11 

1000 522.1 85.89 101.85 403 88.44 

 

Electrochemical impedance spectroscopy measurements 

 

Fig-2: Nyquist plot of mild steel in 1N HCl containing various conc. (0 to 1000 ppm) of CJL 

extract 

 This method is used to find out the thin film formation on mild steel surface. Nyquist plot 

of mild steel in the absence and presence of CJL extract in acid are showed in Fig-2. AC 

impedance parameters like double layer capacitance (Cdl), charge transfer resistance (Rct) and % 

of I.E were arrived and given in Table-2.  
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Table-2: Parameters derived from impedance measurements of mild steel in 1N HCl 

containing various conc. (0 to 1000ppm) of CJL extract 

Con. of 

inhibitor 

(ppm) 

Rct 

(Ω cm
-2

) 

Cdl 

(μF cm
-2

) 

I.E 

(%) 

0 14.554 1232 - 

10 18.394 881 20.87 

50 32.344 275 55.00 

100 68.639 59 78.79 

500 85.575 42 82.99 

1000 96.053 35 84.85 

 

In Nyquist plot, depressed semi-circle appearance suggests that the mild steel corrosion 

in acid is controlled by charge transfer process. It was observed that the values of Cdl decreased 

with the increase in concentration of different inhibitors from 10 to 1000 ppm (Table-2). This 

behaviour confirms that the molecules of inhibitors are adsorbed on the mild steel surface. The 

decrease in Cdl values may be considered in terms of Helmholtz model. From the outcome, it can 

be seen that inhibitors are efficient on mild steel in 1N HCl solution. These higher inhibition 

efficiencies could be attributed to the presence in their molecular structures, of amino (–NH2) 

group which are active centres of adsorption. Indeed, the presence of these groups in the 

inhibitor molecules increases electron density on the adsorption centers leading to an easier 

electron transfer between functional group and the metal. The inhibition efficiencies of inhibitors 

increase with elevation of inhibitor concentration. The obtained results from the Nyquist curves 

are in good agreement with the polarization curves. These results may confirm that the 

adsorption of the inhibitor on the metal ion can prevent further dissolution process.  

  
 3(a)         3(b) 

Fig-3(a-b): Electrochemical Impedance plots (a) Bode Plot (b) Phase angle plot for of mild 

steel in 1N HCl containing various conc. (0 to 1000 ppm) of CJL extract 
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Fig-3(a) and (b) shows that Bode and Phase angle plots for mild steel with and without 

CJL extract in 1N HCl .From the above plots it was noted that in the presence of CJL extract 

possess higher frequency curves with maximum phase angle when compared to absence of CJL 

extract. It was evident that the barrier property of these active molecules present in inhibitor may 

adsorbed on the mild steel surface. 

Morphological approaches 

SEM analysis 

   

Fig-4(a-c): SEM micrograph of polished mild steel surface, absence and presence of CJL 

inhibitor 

Analysis of mild steel surface and the formation of a passive layer on the surface with 

and without inhibitors was examined using Scanning Electron Microscope are shown in Fig-4 (a-

c). Surface morphology of the initial specimen shows relatively smooth with small fine scratches 

resulting from grinding and polishing on the surface of mild steel (Fig-4a). It can be also seen 

that the surface is flat, clean and there are almost no holes. But mild steel immersed in 1N HCl 

shows number of pits on the surface due to corrosion (Fig-4b). While, Fig-4c shows the surface 

morphology of the mild steel which immersed in CJL extract, which looks extract attached on 

the surface of mild steel and therefore there is a sponge like coating is formed over the metal 

surface and protects the metal from further corrosion.  

EDX analysis 

EDX spectroscopy was used to determine the elements present on the mild steel surface 

in the absence and presence of inhibitor. Fig-5(a) and 5(b) represents the EDX spectra for the 

corrosion product on metal surface in the absence and presence of optimum concentrations of 

CJL extract in 1N HCl. In the absence of inhibitor molecules, the spectrum concludes that the 

existence of chlorine due to the formation of metal chloride. But in the presence of inhibitor, 

nitrogen and oxygen atoms were adsorbed on the mild steel surface and retards further 
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dissolution. 

   

5(a)       5(b) 

Fig-5(a-b): EDX spectrum of the corrosion product on mild steel surface in the absence and 

presence of CJL inhibitor 

Optical image analysis 

    

6(a)      6(b) 

Fig-6(a-b): Optical micrograph of mild steel in 1N HCl in the absence of inhibitor and 

presence of CJL inhibitor 

Surface analysis of corroded and inhibited mild steel was examined by Optical 

Micrographs in 1N HCl. The difference in appearance between absence and presence of inhibitor 

is very distinct due to direct attack of aggressive acids. The oxide coverage is non-uniform and 

more crystalline in nature. But in the presence of inhibitor, the mild steel shows small pits also 

the protective film slightly coated on the metal surface and prevents further corrosion. 
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Atomic Force Microscopy (AFM) analysis 

Table-3: AFM Roughness parameter of mild steel in the absence and presence 

of CJL in 1N HCl  

Roughness Parameter 
Mild Steel in the 

absence of CJL 

Mild Steel in the 

presence of CJL 

Area (pm
2
) 9.842 9.842 

Average (Sa) nm 23.685 6.897 

Root Mean Square (Sq) nm 29.003 10.042 

Peak Valley Height (Sy) nm 186.15 98.701 

Peak Height (Sp) nm 82.654 47.467 

Valley Depth (Sv) nm -103.5 -51.233 

Mean (Sm) fm -37.253 -37.252 

 

   

7(a)       7(b) 

Fig-7(a-b): AFM Image of mild Steel in the absence and the presence of CJL in 1N HCl 

Fig-7(a) and 7(b) exhibits the 2D, 3D AFM image of mild steel surface in the absence 

and presence of CJL inhibitor in 1N HCl. From figure, it can be seen that, the uninhibited surface 

of mild steel have more roughness (Sa=23.68 nm), which is clearly indicates the heavier acid 

attack on the metal surface. But the surface roughness of mild steel in the presence of CJL 

inhibitor is reduced (Sa=6.897 nm). The smoothened surface clearly indicates that the film 

formation on the metal surface thereby inhibiting corrosion of mild steel. 

Conclusion 

 Ethanolic extract of Cassia Javanica leaves (CJL) was found to greatly inhibit the 
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corrosion of mild steel in 1N HCl solution. Potentiodynamic Polarization and Electrochemical 

Impedance Spectroscopy (EIS) result shows the better efficiency of the inhibitor and the 

inhibition efficiency was increased with the increase of inhibitor concentration. The thin film 

formation on metal surface is also confirmed by SEM-EDX, optical image and atomic force 

microscopic analysis. 
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