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Abstract 

Corrosion inhibition effect of Sesbania sesban extract (SSE) on the carbon steel in 1M HCl 
solution was investigated by potentiodynamic polarization and weight loss techniques. The 
corrosion rate of carbon steel was decreased in the presence of SSE. The corrosion inhibition 
efficiency was found to increase with SSE concentration to attain 91.08% with 2.00 g/l at 
25Ԩ. The polarization studies showed that SSE acts as mixed type inhibitor. The effect of 
temperature, acid concentration and immersion time on the corrosion rate of carbon steel in 
HCl solution in the absences and presence of SSE was also studied. Values of corrosion 
inhibition efficiency calculated from weight loss technique were in good agreement with 
those obtained from potentiodynamic polarization test. The results showed that the adsorption 
of the extract on the carbon steel surface obeys Langmuir isotherm. The activation 
parameters, apparent activation energy (Eaሻ, the enthalpy of activation (ΔHa) and entropy of 
activation (ΔSa) for the corrosion of carbon steel in 1M HCl in the absence and presence of 
SSE were calculated and discussed.  
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1. Introduction 

Metallic materials are still the most widely used group of materials particularly in both 
mechanical engineering and the transportation industry. However the usefulness of metals 
and alloys is constrained by one common problem known as corrosion (Buchweishaija, 
2009). Corrosion is the destructive attack of a metal by chemical or electrochemical reaction 
with the environment (Uhlig et al., 2008). The basic cause of the corrosion of the metals is 
their tendency to return to their stable state. Nearly all metals are inherently unstable and it is 
their natural tendency to seek self-destruction by reacting with their environment to attain a 
state of lower energy by forming a metal compound. This is the state in which the majority of 
metals are found in nature (Haward, 1968). The use of inhibitors is one of the best methods of 
preventing metals against corrosion. Most of the corrosion inhibitors are synthetic chemicals, 
expensive and very hazardous to environments. Therefore, it is desirable to source for 
environmentally safe inhibitors. Plants represent a class of interesting source of compounds 
currently being exported for use in metal corrosion protection in most systems. The use of 
phytochemicals as corrosion inhibitors can be traced back to 1960s when tannins and their 
derivatives were used to protect corrosion of steel, iron and other tools (Ashassi-Sorkhabi et 
al., 2006). 

Up till now extracts of plants leaves such as Hibiscus Subdariffa which was used by 
El-Hosary in 1972 (Al-Malki, 2007), Papaia (Zucchi et al., 1985), Eucalyptus which was 
used by Pravinar in 1993 (Buchweishaija, 2009), EmbilicaUflicianalis (Sanghvi et al., 1997), 
RosmarinusOfficinalis L. (Kliskic et al., 2000), LawsoniaIntermis (Al-Sehaibani et al.,2010), 
Tobacco (Davis et al., 2001), Opuntia (El-Etre et al., 2003), Mytruscommunis 
(Al-Sultan,2005), Artemisia (Bouklah et al., 2006), Eclipta alba (Shyamala et al., 2009), 
Fenugreek (Ehteram, 2008), Vernonia Amygdaline (Odiongenyi et al., 2009), 
Phaseolusaureus (Rajalakshimi et al., 2008), Piper guinensis (Ebenso et al., 2008), 
Combretumbracteosum (Okafor et al., 2009), CyamopsisTetragonaloba (Subhashini et al., 
2010), Murrayakoenigii (Sharmila et al., 2010), Annona squamosal (Lebrini et al., 2010), 
Black Pepper (Dahmani et al., 2010), Moringaoleifera (Singh et al., 2010), 
AzadirachtaIndica (Okafor et al., 2010), Jatrophacurcas (Kumar et al., 2010), 
Citrulluscolocynthis (Chauhan et al., 2010), PalicoureaGuianensis (Lebrini et al., 2011), 
green tea (Loto, 2011), Pterocarpussoyauxi (Iloamaeke et al., 2012) (5, 6, 1) have been 
studied for corrosion inhibition of metals in acid and neutral medias. The present study aimed 
at investigating the inhibitive properties of ethanol extract of Sesbaniasesban plant leaves on 
the corrosion of carbon steel in 1M HCl solution. 

2. Experimental Details 

2.1 Specimen Preparation 

Carbon steel specimens of size 5.5 cm x 2.5 cm x 0.3 cm containing a small hole of 4 mm 
diameter near the upper edge with composition (wt. %) Si (2), Mn (0.4), C (0.368), S (0.1), 
Cr (0.07), Mo (0.012) and Fe (97.05) were employed for the weight loss test. For 
electrochemical study, carbon steel circular strips of the same composition with an exposed 
area of 2.54 cmଶ were used. Before each test, each specimen was polished with emery 
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papers of 60, 1000, 1200 grades, washed with tap water followed by distilled water, dried 
with tissues, degreased with acetone and dried with tissues again ( Khaled, 2010&Hassan et 
al., 2011). 

2.2 Preparation of Plant Extract 

Fresh leaves of Sesbania sesban plant which was used in this study was collected from 
Al-Sarragi in Basrah city. The leaves were washed with tap water several times followed by 
distilled water and put on the tissue to dry. After one day the leaves were dried more in an 
electric furnace for 15 – 30 min and grounded to powder form. Limited weight (grams) of the 
powder of leaves was immersed in 60 ml of ethanol for three days. After three days the 
solution was filtered and used as natural corrosion inhibitor in 1M HCl solution (Nahle et al., 
2010). 

2.3 Electrochemical Measurements 

Potentiodynamic polarization measurements were carried out using computerized 
electrochemical analyzer model 35415. The polarization measurements were made to 
evaluate the corrosion current, corrosion potential and Tafel slopes. The experiments were 
performed by using of a three electrodes cell designed specifically for potentiodynamic 
polarization measurements. The carbon steel specimen of 2.54 cmଶ  was the working 
electrode; platinum electrode was used as auxiliary electrode and standard calomel electrode 
(SCE) was used as reference electrode. A luggin capillary arrangement filled with the same 
tested solution was used to keep the reference electrode close to the working electrode. The 
sequences of the experimental work can be summarized as follow:  

• A cleaned specimen was mounted on the electrode holder (working electrode). 

• The auxiliary electrode (platinum electrode), reference electrode (SCE), luggin capillary 
and other components were placed in the test cell.  

•  400 ml of the electrolyte was added to the test cell and the luggin capillary was filled with 
the same test solution. 

• The temperature of the solution was brought to desire value by using water path. 

• 10 min was given for each experiment to attain the steady state open circuit potential 
(Shyamala et al., 2008 & Ehteram, 2008). 

• Then the carbon steel specimen was polarized to about േ 200 mV anodically and 
cathodically from the open circuit potential to obtain the corrosion potential, corrosion 
current and Tafel slopes (Al-Sultan, 2005). 

• At the end of the test, corrosion cell content evacuated and cleaned with distilled water then 
the experiment was repeated with another sample.  

2.4 Weight Loss Tests 

In the weight loss experiments, the clean coupons were weighed. After weighing the 
specimens accurately to the forth decimal, the coupons were immersed in 100 ml of the 
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electrolyte (hydrochloric acid) in the absence and presence of the inhibitor. After specified 
period of time each specimens was taken out of the test solution, washed with distilled water, 
dried and weighed (Subhashini et al., 2010 &Kumar, 2010). The results of the experiments 
are the mean of two run. The experiments were performed for various parameters such as: 

• Concentration variation (0.2, 0.4, …, 1.8, 2 g/l). 

• Temperature variation (25, 35, 45, 55, 65Ԩ). 

• Different acid concentrations (0.4, 0.8, 1.2, 1.6, 2 M). 

• Different immersion time (1, 6, 12, 24, …, 42, 48 hours). 

3. Results and Discussion 

3.1 Effect of Inhibitor Concentration 

The electrochemical parameters, anodic Tafel constant (βୟ), cathodic Tafel constant (βୡ), 
corrosion potential (Eୡ୭୰୰), corrosion current density (iୡ୭୰୰) and the corresponding inhibition 
efficiency which was calculated from equation 1 for the corrosion of carbon steel in 1M HCl 
solution without and with different concentrations (0.4 – 2 g/l) of SSEat 25Ԩare illustrated in 
table 1. Also figure 1 show the anodic and cathodic potentiodynamic polarization curves for 
the previous tests. 

IE% ൌ ୧ౙ౥౨౨ሺ౫౤౟౤౞ሻି୧ౙ౥౨౨ሺ౟౤౞ሻ

୧ౙ౥౨౨ሺ౫౤౟౤౞ሻ
כ 100                      (1) 

It is clearly observed from table 1 that SSE reduces the corrosion current density so increase 
the corrosion inhibition efficiency and the suppression in current increases as the extracts 
concentration increases. The corrosion current density of carbon steel in 1M HCl solution 
reduced from 231.98µA/cmଶ to 20.96 and the corrosion inhibition efficiency increased to 
91.08% in the presence of 2 g/l of SSE at 25Ԩ. In general, the increase in the inhibition 
efficiency could be attributed to the increased coverage of the surface area of the carbon steel 
by SSE molecules as it blocks the available sites for reaction on the surface (Sharmila et al., 
2010 &Ibrahim et al., 2011). 

An inhibitor can be classified as cathodic or anodic type if the displacement in corrosion 
potential is more than 85 mV with respect to the blank (Ibrahim et al., 2011). The addition of 
SSE in 1M HCl solution does not show any significant change in corrosion potential 
suggesting that the prepared extract control the corrosion by controlling both anodic and 
cathodic reactions. Although there was not a specific relation between corrosion potential and 
extract concentration (Lebrini et al., 2011). These results reveal that SSE in 1M HCl solution 
acts as mixed type inhibitor (Sharmila et al., 2010). 

Also the change in anodic and cathodic Tafel constants, as shown in tables 1, supports the 
inhibitive characteristics of the SSE (Sharmila et al., 2010, Lebrini et al., 2011 & Ibrahim et 
al., 2011).  
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4. Conclusion 

The following conclusions can be drawn from the present investigation: 

• SSE was found to be an efficient natural corrosion inhibitor for carbon steel in 1M HCl 
solution by using potentiodynamic polarization and weight loss techniques.  

• The results obtained from potentiodynamic polarization and weight loss measurements are 
in good agreement. 

• The corrosion inhibition efficiency of the extract increases with increasing of its 
concentration. 

• The adsorption of SSE on the carbon steel surface in 1M HCl solution obeys Langmuir 
isotherm.  

• Corrosion inhibition efficiency of SSE in 1M HCl solution increases as the temperature 
increases which indicates that the adsorption process of SSE on the surface of the carbon 
steel in 1M HCl solution is chemical in nature. 

• The presence of SSE in 1M hydrochloric acid solution decreases the activation energy of 
corrosion process which proved the previous point. 

• The corrosion inhibition efficiency of SSE increases with the rise in acidity of the solution. 

• With the rise in immersion time of the carbon steel coupons in 1M HCl solution, the 
corrosion inhibition efficiency of SSE in 1M HCl solution slightly increases. 
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Symbols 

βୟ, βୡ Anodic and Cathodic Tafel constants 

C. R Corrosion rate, (mg cmିଶhrିଵ) 

C. R୳୬୧୬୦ Corrosion rate of uninhibited media, (mg cmିଶhrିଵ) 

C. R୧୬୦ Corrosion rate of inhibited media, (mg cmିଶhrିଵ) 

C Concentration of the inhibitor (g lିଵ) 

Eୡ୭୰୰ Corrosion potential, (mV) 

h Planks constant (6.626*10ିଷସሻ, (J.s) 

IE% Inhibition Efficiency 

iୡ୭୰୰ሺ୳୬୧୬୦ሻ Corrosion current density for uninhibited solution, (µA cmିଶ) 

iୡ୭୰୰ሺ୧୬୦ሻ Corrosion current density for inhibited solution, (µA cmିଶ) 

iୡ୭୰୰ Corrosion current density, (µA cmିଶ) 

j Molecular interaction constant 

K Binding constant of the adsorption reaction 

NA Avogadro’s number (6.022*10ଶଷሻ, (molିଵ) 

R Gas constant (8.314), (J molିଵKିଵ) 

T Temperature, (Ԩ) 

θ Surface coverage 

Copyright Disclaimer 

Copyright reserved by the author(s). 

This article is an open-access article distributed under the terms and conditions of the 
Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 


