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INTRODUCTION
1. INTRODUCTION
The word corrosion is as old as the earth, but it has been known by different names. Corrosion is known commonly as rust, an undesirable phenomena which destroys the lusture and beauty of objects and shortens their life. Corrosion is the gradual deterioration of metals by chemical, electrochemical or biochemical interaction with the environment.
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1.2 CAUSES OF CORROSION:

                             Metals occur in nature as their oxides, sulphides, carbonates, etc...The chemically combined state is thermodynamically more stable. When a metal is extracted from its ore, the metal is in the higher energy state, which is thermodynamically unstable. So it tries to go back to stable state by chemical or electrochemical interaction with the environment.

1.3 CONSEQUENCES OF CORROSION:


[image: image2]
1.4 ELECTROCHEMICAL THEORY OF CORROSION:

Corrosion processes are electrochemical in nature. When two dissimilar metals or alloys are in contact with each other there is an overall interaction between the ions and the electrons which tends to produce thermodynamic equilibrium.
Electrochemical corrosion involves two half-cell reactions

· an oxidation reaction at the anode, and

· a reduction reaction at the cathode.

For iron corroding in water with a near neutral pH, these half cell reactions can be represented as:

· Anode reaction: 2Fe => 2Fe2+ + 4e-
· Cathode reaction: O2 + 2H2O + 4e- => 4OH-
In a solution with higher pH, the anodic reaction produces a surface film of ferric oxide This can be represented as follows:
2Fe + 3H2O → Fe2O3 + 6H+ + 6e- 
There are obviously different anodic and cathodic reactions for different alloys exposed to various environments.

These half cell reactions are thought to occur (at least initially) at microscopic anodes and cathodes covering a corroding surface. Macroscopic anodes and cathodes can develop as corrosion damage progresses with time.
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1.5 DIFFERENT FORMS OF CORROSION:

UNIFORM CORROSION:

Uniform corrosion is the attack of a metal at essentially the same time at all exposed areas of its surface. The penetration of this type of corrosion is as twice as its average rate. Rusting of steel is the most common example of uniform corrosion.
CONCENTRATION CELL CORROSION:

Concentration cell corrosion is a corrosion that is accelerated by differences in environment between separated areas on a single metal.

INTERGRANULAR CORROSION:

Intergranular corrosion is a selective attack of a metal at or adjacent to grain boundaries. Eg- Aluminum alloys are susceptible to intergranular attack, it is caused by segregation of impurities at the grain boundaries. In addition to the stainless steels, some nickel alloys are also subject to sensitization and subsequent intergranular attack.
FRETTING CORROSION:
Fretting corrosion is an attack that is accelerated by the relative motion of contacting surfaces. Fretting corrosion usually results in scuffed surfaces in joints. Eg - Fretting was common in riveted joints on ships, bolted joints and flanges and other riveted structures where cyclic loads were experienced, but this has largely been eliminated through welded construction.

DEALLOYING:

Most of the commonly used metallic material are alloys formed from mixing two or more metals. Pure metals are usually too soft and weak to be used structurally
Dealloying is the selective corrosive attack of one or more constituent of a metallic alloy. Eg-The dezincification of brass and the graphitization of cast iron are common examples of dealloying.
PITTING CORROSION:

Under certain specific conditions, particularly involving chlorides (such as sodium chloride in sea water) and exacerbated by elevated temperatures, small pits can form in the surface of the steel. Dependening upon both the environment and the steel itself these small pits may continue to grow leading to perforation, while the majority of the steel surface may still be totally unaffected. This is known as pitting corrosion.

CREVICE CORROSION:
Crevice Corrosion is a special case of pitting corrosion, but here the initial "pit" is provided by an external feature,Eg -  sharp re-entrant corners, overlapping metal surfaces, non-metallic gaskets or incomplete weld penetration. Crevice corrosion usually occurs in gaps a few micrometres wide, and is not found in grooves or slots in which circulation of the corrodent is possible.

STRESS CORROSION CRACKING:

Stress corrosion cracking is the intergranular or transgranular cracking of a material due to the combined action of tensile stress and a specific environment.
 For example, cold worked brass, which is found in ammunition cartridges, is susceptible to stress corrosion cracking when exposed to an environment containing ammonia.

[image: image4.jpg]] \%j

Gatvanic

Sl cracks  Intomal oids

Creviee.

Piting

Hyrogen damage

i

Stress comosion

Hycrogen induced cracking




CAVITATION CORROSION:
Cavitation corrosion is corrosion that is enhanced through the formation and collapse of gas or vapor bubbles at or near the metal surface. 

Example: Cavitation is commonly encountered in pumps and in high speed propellers. It is enhanced when entrained air is present in systems with high velocity flow. Cavitation can also occur on or near high intensity sound generators.
HYDROGEN EMBRITTLEMENT:

Hydrogen embrittlement is the severe loss of ductility of a metal when hydrogen has been introduced into the metal structure. Due to the small size of the hydrogen atom, it can migrate through the metal structure and cause a loss of ductility .

CORROSION FATIGUE:

Corrosion fatigue is the reduced ability of a metal to withstand repeated stress when exposed to the combined action of stress and a corrosive environment .

High strength steels are susceptible to substantial reduction in fatigue resistance in many environments.
1.6 METHODS TO CONTROL CORROSION:
There are five primary methods of corrosion control:

· Material selection

· Coatings

· Inhibitors

· Cathodic protection

· Design

Material Selection                                                               

Each metal and alloy has unique and inherent corrosion behaviour that can range from  high resistance of noble metals, (for example, gold and platinum) to the low corrosion resistance of active metals (for example, sodium and magnesium). The corrosion resistance of a metal strongly depends on the environment to which it is exposed, that is, the chemical composition, temperature, velocity, and so forth.

The general relation between the rate of corrosion, the corrosivity of the environment, and the corrosion resistance of a material is: 
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 For a given corrosion resistance of the material, the corrosivity of

the environment increases with increase in the rate of corrosion and vice-versa. Often an acceptable rate of corrosion is fixed and the challenge is to match the corrosion resistance of the material and the corrosivity of the environment to be at or below the specified corrosion rate. Consideration of corrosion resistance is important in the selection process. A common solution to a corrosion problem is to substitute an alloy with greater corrosion resistance for the alloy that has corroded.

Coatings

Protective coatings are the most widely used corrosion control technique. Essentially, protective coatings are a means for separating the surfaces that are susceptible to corrosion from the factors in the environment which cause corrosion to occur. However, that protective coatings can never provide 100 percent protection to 100 percent of the surface. If localized corrosion at a coating defect is likely to cause rapid catastrophic failure, additional corrosion control measures must be taken.
Cathodic Protection

Cathodic protection suppresses the corrosion current that causes damage in a corrosion cell and forces the current to flow to the metal structure to be protected. Thus, the corrosion or metal dissolution is prevented. Cathodic protection can be achieved by two application methods, which differ based on the source of the protective

current. An impressed-current system uses a power source to force current from inert anodes to the structure to be protected. A sacrificial-anode system uses active metal anodes, for example, zinc or magnesium, which are connected to the structure to provide the cathodic-protection current.
Design

The application of rational design principles can eliminate many corrosion problems and greatly reduce the time and cost associated with corrosion maintenance and repair. Corrosion often occurs in dead spaces or crevices where the corrosive medium becomes more corrosive. These areas can be eliminated or minimized in the design process.

Where stress-corrosion cracking is possible, the components can be designed to operate at stress levels below the threshold stress for cracking. Where corrosion damage is anticipated, design can provide for maximum interchangeability of critical components and standardization of components. Interchangeability and part standardization reduce the inventory of parts required. Maintenance and repair can be anticipated, and easy access can be provided.

Inhibitors

Just as some chemical species (e.g., salt) promote corrosion, other chemical species inhibit corrosion. Chromates, silicates, and organic amines are common inhibitors. The mechanisms of inhibition can be quite complex. In the case of the organic amines, the inhibitor is adsorbed on anodic and cathodic sites and stifles the corrosion current. Other inhibitors specifically affect either the anodic or cathodic process. Still others promote the formation of protective films on the metal surface.The use of inhibitors is favored in closed systems where the necessary concentration of inhibitor is more readily maintained. The increased use of cooling towers stimulated the development of new inhibitor/water-treatment packages to control corrosion .Inhibitors can be incorporated in a protective coating or in a primer for the coating. At a defect in the coating, the inhibitor leaches from the coating and controls the corrosion.

1.7 IMPORTANCE OF NATURAL PRODUCTS AS CORROSION INHIBITORS:
The use of inhibitors for the control of corrosion of metals and alloys which are in contact with aggressive environment is an accepted practice. Large numbers of organic compounds were studied and are being studied to investigate their corrosion inhibition potential. All these studies reveal that organic compounds especially those with N, S and O showed significant inhibition efficiency. But, unfortunately most of these compounds are not only expensive but also toxic to living beings. It is needless to point out the importance of cheap, safe inhibitors of corrosion. Plant extracts have become important as an environmentally acceptable, readily available and renewable source for wide range of inhibitors. They are the rich sources of ingredients which have very high inhibition efficiency. Natural products  are used as corrosion inhibitors for various metal and alloys in aggressive media.

                     Various naturally occurring substances such as grape juice, potato have been used as inhibitors. Due to  their biodegradability, the trend of using these less toxic compounds are going on and in this direction the present work is undertaken to investigate the use of Allamanda cathartica leaves as a potential inhibitor for mild steel in HCl medium.
1.8 PLANT DESCRIPTION
	Common Name
	        Golden Trumpet

	Botanical Name
	
  Allamanda cathartica

	Kingdom
	        Plantae

	Subkingdom
	  Tracheobionta

	Super division
	        Spermatophyta

	Division
	        Magnoliophyta

	Class
	        Magnoliopsida

	Subclass
	        Asteridae

	Order
	        Gentianales

	Family
	        Apocynaceae

	Genus
	        Allamanda

	Species
	        A.cathartica

	Parts used
	        Leaf


DESCRIPTION:

Allamanda cathartica is an ornamental flowering vine.It is yellow in colour and grows upto 20 ft(6m) or more.The flowers are upto 3 ½ inches long and funnel shaped with 5 round lobes.The flowers are followed by spiny,rounded,1 ½ inch(4 cm) in diameter seed capsules.The leaves are dark green, leathery, oblong- lanceolate to egg shaped and either opposite or in lopsided whorls of 3 or 4 around the stems. The plant either climb nearby shrubs and trees or grow as shrub – like mounds on the ground.
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1.9 PHYTOCHEMICAL CONSTITUENTS:

                       Phytochemical studies revealed that the main constituents are alkaloids, flavanoids, saponins and carbohydrates.Allamandin,a toxic iridoid lactone is also present. Its milky sap is antibacterial (ie) anticancer. Study of phopho lipid fatty acid composition yielded 7-methyl, 5-9-octadecadienoic acid. Plumeride, an active compound was isolated from the leaves of Allamanda cathartica which showed strong fungi toxicity against some dermatophytes causing dermatomycosis in humans and animals. 

Objectives:
· To select eco friendly, cost effective, naturally occurring plant materials as corrosion inhibitors for mild steel in HCl.
· Utilization of the naturally occurring plant source namely Allamanda cathartica as inhibitors for the present study.

· To evaluate the corrosion studies of mild steel in 1 M HCl at room temperature and higher temperature in the presence of Allamanda cathartica  leaves (ACL) using the classical weight loss method.

· To determine the corrosion inhibitive property of ACL exerted on mild steel in 1 M HCl by varying the concentration and time of immersion.

· To calculate the activation energy and thermodynamic parameters using results of temperature study.
· To assess mode of action of the inhibitor understudy cathodic, anodic or mixed type by conducting potentiodynamic , polarization studies.

· To evolve a suitable mechanism for the adsorption process.

· To correlate the results obtained by weight loss and electrochemical techniques.

· To enlighten the kinetic and mechanistic aspects of the plant material under study in the inhibitive action.

REVIEW OF LITERATURE
2. REVIEW OF LITERATURE
    Mild steel is one of the most widely used steel all over the World particularly for the structural and automobile applications. However, it undergoes rusting easily in the humid atmosphere and its rate of corrosion is quite high in acidic environment. Corrosion is an inevitable natural process. It is a serious engineering problem in this modern age of technological advancement and which accounts for economic losses and irreversible structural damage. Several efforts have been made to restrain the onset and thereafter-destructive effects of corrosion using several preventive measures. Out of several methods, use of inhibitors is one of the most practical methods for the prevention of corrosion particularly in acidic media.

Hot acid solutions are widely used in chemical cleaning and prickling in oil and geothermal processes. Corrosion inhibitors are generally used to reduce the corrosion rates. Most of the well-known acid inhibitors are organic compounds containing electron donor atoms particularly nitrogen, sulphur, oxygen in their functional groups with aromatic and heterocyclic rings. But unfortunately most of these compounds are not only expensive but also toxic to living beings. It is needless to point out the importance of cheap, safe inhibitors of corrosion.

Thus a new branch of environmental chemistry has emerged which provides environmental friendly corrosion inhibitors specifically termed as ‘Green inhibitors’. Green inhibitors are non-toxic, biodegradable and eco-friendly, and have proven effective in controlling the corrosion of steel, stainless steel, mild steel, iron, aluminum, copper, and 2024-T3 Aluminum alloy, steel in concrete structures, carbon steel, AA5083 Al-Mg alloy, nickel and zinc. The inhibitive effect of some plants solution extract is due to the adsorption of phytochemical molecules present in the plant on the surface of the metal which protects the metal surface and thus do not permit the corrosion process to take place.
This thesis seeks to investigate effective and environmentally safe inhibitors such as Allamanda cathartica on corrosion of mild steel in 1 M Hydrochloric acid medium. In this direction a review of natural product as corrosion inhibitor has been carried out.

· Corrosion inhibition of mild steel specimens immersed in 0.5 M hydrochloric acid by kola plant and tobacco was investigated by Loto et al., (2011) at ambient temperature by gravimetric and metallographic methods. The results obtained from the weight loss method, calculated corrosion rates, inhibitor efficiencies and the metallographic observation from metallurgical microscopy was reported. Addition of different concentrations of the plants extracts gave considerable reduction in the weight loss and in the corrosion rate of the test samples. Effective protection of the mild steel was achieved more from the tobacco extract and also from the extract of kola leaf.  

· Okafor et al.,(2010) investigated the inhibitive action of leaves (LV), root (RT) and seeds (SD) extracts of Azadirachta indica on mild steel corrosion in H2SO4 solutions  using weight loss and gasometric techniques. The results obtained indicated that the extracts functioned as good inhibitors in H2SO4 solutions. Inhibition efficiency was found to increase with extracts concentration and temperature, and followed the trend: SD > RT > LV. 

· Christy Ezhilarasi et al.,(2009) studied the influence of the addition of the extract of naturally occuring Hibiscus syriacus linn and the flavonoid component Rutin on the corrosion of mild steel in 1M hydrochloric acid by weight loss measurement, gasometric and polarization study in the presence and absence of quaternary ammonium salt. It was observed that the extract of the plant and Rutin reduced the corrosion rate and it was reported that the inhibition efficiency increases with increase in inhibitor concentration.

· Osman et al.,(2011) investigated the influence of Xylopia ferruginea leaves extract and partitions in different solvents on the corrosion behavior of mild steel (MS) in 1 M HCl using weight loss, potentiodynamic polarization, electrochemical impedance spectroscopy (EIS) and Scanning Electron Microscope (SEM) techniques. The studies revealed that Xylopia ferruginea was an excellent green inhibitor and the  inhibition efficiencies obtained from weight loss and electrochemical experiments were in good agreement. Potentiodynamic polarization studies clearly revealed that all inhibitors behaved as mixed-type inhibitors with  predominant anodic effectiveness. The adsorption of inhibitors on MS surface was found to obey the Langmuir adsorption isotherm.  SEM studies confirmed that the corrosion protection of MS was by the adsorption of inhibitors. The effectiveness as corrosion inhibitors was  in the order of chloroform partition (CP) > n-hexane partition (HP) > methanol extracts (ME).

· Eddy et al., (2009) analyzed the inhibitive and adsorption properties of ethanol extract of Phyllanthus amarus for the corrosion of mild steel in H2SO4 using gravimetric, thermometric and gasometric methods. Ethanol extract of Phyllanthus amarus leaves was a good adsorption inhibitor for the corrosion of mild steel in H2SO4. Thermodynamic consideration proved that the adsorption of the extract is exothermic and spontaneous. The adsorption characteristic of the inhibitor was consistent with the assumptions of Langmuir adsorption isotherm. From the results and findings of the study, a physical mode of adsorption was proposed for the adsorption of the extract. The inhibition potentials of ethanol extract of Phyllanthus amarus leaves were enhanced by its phytochemical constituents.

· James et al.,(2011) investigated the dissolution of mild steel in hydrochloric acid solution in the presence of  acetone extract of red peanut skin using weight loss method. The inhibition efficiency was found to increase with increasing inhibitor concentration and temperature. 

· Extract of Ficus exasperata leaves was investigated by Patel et al., (2009) as corrosion inhibitor of mild steel in 1 N H2SO4 using conventional weight loss, electrochemical polarizations, electrochemical impedance spectroscopy and scanning electron microscopic studies. The weight loss results showed that the extract of  Ficus exasperata is excellent corrosion inhibitor. Electrochemical polarizations data revealed the mixed mode of inhibition. Scanning electron microscopic studies provided the confirmatory evidence of improved surface condition, due to the adsorption, for the corrosion protection.

· Adeyemi et al.,(2011) analyzed the corrosion rate of mild steel in HCl and H2SO4 solution  in the presence of grape fruit juice at normal temperature using the weight loss technique. The concentration of the grape fruit juice were varied as 1.0%, 2.0%, 3.0%, 4.0% and  5.0% weight of each acidic medium and their effects were carefully studied on the corrosion rate of mild steel .As the grape juice concentration increased, it was found that the corrosion rate decreased in both acidic media.
· Satapathy et al .,(2009) investigated the corrosion inhibition effect of Justicia gendarussa extract (JGPE) on mild steel in 1 M HCl medium using weight loss and electrochemical techniques and reported that a maximum of 93% Inhibition efficiency can be achieved with 150 ppm JGPE at 25°C. The polarization studies showed that JGPE acted as mixed-type inhibitor. JGPE was found to obey Langmuir adsorption isotherm. AFM and ESCA confirmed the adsorption of JGPE on mild steel surface

· The inhibitive effect of cocoa (Theobroma Cacao) and kolanut (Cola Acuminata) extracts on the corrosion of mild steel in seawater at room temperature has been evaluated by Umoru  et al.,(2006) .The study was carried out using the gravimetric technique. The results showed kola and cocoa leaves extracts as potential inhibitors of mild steel corrosion in seawater and marine environment. The highest inhibition efficiency was obtained when the concentration of the inhibitors were increased up to optimum. The results reveal a sign of synergism when 4% of each of the extracts were used to inhibit corrosion in the seawater.
· Eddy et al .,(2009) determined the inhibitive and adsorption properties of ethanol extract of Lasianthera africana for inhibition of corrosion of mild steel in H2SO4 using gravimetric, thermometric, gasometric, and infrared (IR) methods. The extract was found to be a good inhibitor of corrosion of mild steel in H2SO4. Inhibitive properties of the extract were attributed to enhancement in adsorption of the inhibitor on mild-steel surface. Adsorption of the inhibitor was found to be exothermic, spontaneous, and consistent with assumptions of Langmuir and Temkin adsorption isotherms. Synergistic study revealed that, of the investigated halides, only KCl may enhance adsorption of the inhibitor, whereas KBr and KI antagonized its adsorption. Based on the decrease in efficiency of the inhibitor with temperature, with values of activation energy and free energy of adsorption below the threshold values of -40 and 80 kJ mol-1, respectively, a physical adsorption mechanism has been proposed .
· Quraishi et al (2010) studied the corrosion inhibition of mild steel in hydrochloric solution by Black pepper extract (Piper nigrum fem. Piperaceae). The techniques employed for study were weight loss measurements, potentiodynamic polarisation, linear polarization resistance and electrochemical impedance spectroscopy (EIS). The results obtained revealed that  black pepper extract was a good corrosion inhibitor for mild steel in hydrochloric acid medium and maximum inhibition efficiency (98%) was obtained at 120 ppm at 35 ºC. Potentiodynamic polarization curves showed that black pepper extract is a mixed-type inhibitor. EIS showed that the charge transfer controls the corrosion process in inhibited solutions. Adsorption of the inhibitor on the mild steel surface followed Langmuir adsorption isotherm. The value of the free energy of adsorption, ∆Gads, indicated that the adsorption of inhibitor molecules was typical of chemisorption. The results obtained show that the black pepper extract which mainly contains alkaloid ‘Piperine’ could serve as an excellent green inhibitor for corrosion of mild steel in acid solutions.


· Hussein kehinde Okaro et al.,(2011) proved that mild steels are corrosive in fruit juice environments due to the evolution of hydrogen gas (a cathodic reaction product) at low pH resulting in the possibility of the elimination of protective formation of hydrogen (H2). It was discovered that corrosion rate was highest in the orange juice with preservatives due to a combination of citric acid and the preservatives (food additives).
· Urvija Garg et al.,(2009) studied the inhibition of corrosion of mild steel in HCl solution by naturally occurring  Acacia senegal in relation to the concentration of inhibitor and concentration of corrosive medium. It has been observed that the Acacia senegal alcoholic extract acts as a good corrosion inhibitor in hydrochloric acid solution and the adsorption of the extract provides a good protection against mild steel corrosion.
·  Abida begum et al.,(2008) investigated the effect of  Rosmarinus Officinalis L. leaves extract  on the corrosion inhibition of mild steel in 2.5 M H2SO4 solution  using the Mylius thermometric technique. Results of the study revealed that Rosmarinus Officinalis L. leaves  act as corrosion inhibitor for mild steel in the acidic medium. In general, with constant sulphuric acid concentration, the inhibition efficiency was found to increase with increase in the inhibitor concentration. The addition of 0.05 M potassium chloride, potassium bromide and potassium iodide to the inhibitor enhanced the inhibition efficiency. The order of reactivity of halide ions is of the order KI > KBr > KCl. The inhibition efficiency increased 86 % to 94% at a concentration of 0.05 M KI and 1.0 % of inhibitor concentration.  The values of adsorption of Rosmarinus Officinalis L. leaves extract onto the mild steel surface show that the process is spontaneous.
· Eddy et al., (2008) studied the inhibition of the corrosion of mild steel by penicillin V potassium .It is a good inhibitor for the corrosion of mild steel in H2SO4. The inhibition efficiency of the inhibitor decreases with increase in temperature and with the period of immersion. However, increase in the concentration of the inhibitor resulted in increase in the inhibition efficiency of penicillin V potassium. Adsorption characteristics of the inhibitor has also been studied and it was found that penicillin V potassium inhibit the corrosion of mild steel by being adsorbed on the surface of mild steel by a physical adsorption mechanism. The adsorption of the inhibitor was found to be spontaneous and consistent with the assumptions of Langmuir and Frumkin adsorption isotherms.
· Anand et al.,(2010) analyzed the inhibition efficiency (IE) of an aqueous extract of Allamanda blanchetii (Purple) in controlling corrosion of mild steel which has been evaluated by weight loss method in the absence and presence of corrosion inhibitor at different time intervals at room temperature. The result showed that the corrosion inhibition efficiency of Allamanda blanchetii was found to vary with different time interval and different acid concentrations. Also, it was found that the corrosion inhibition behaviour of Allamanda blanchetii is greater in sulphuric acid than citric acid medium. The surface analysis study confirmed the corrosion of the mild steel and its inhibition by the inhibitor Allamanda blanchetii.

· Ambrish Singh et al.,(2010) found out the inhibition of the corrosion of mild steel in hydrochloric acid solution by the seed extract of Kuchla (Strychnos Nuxvomica)  using weight loss, electrochemical impedance spectroscopy, potentiodynamic polarization and linear polarization techniques. Inhibition eficiency was found to increase with increasing concentration of the extract. The effect of temperature, immersion time and acid concentration on the corrosion behaviour of mild steel in 1 M HCl with addition of extract was also studied. The adsorption of the extract on the mild steel surface obeyed the Langmuir adsorption isotherm. Values of inhibition efficiency calculated from weight loss, potentiodynamic polarization, and electrochemical impedance spectroscopy (EIS) are in good agreement. Polarization curves showed that Kuchla (Strychnos Nuxvomica) seed extract behaves as a mixed-type inhibitor in hydrochloric acid. The activation energy as well as other thermodynamic parameters for the inhibition process was calculated. The adsorbed film on mild steel surface containing Kuchla (Strychnos Nuxvomica) seed extract inhibitor was also measured by Fourier transform infrared spectroscopy (FTIR). The results obtained showed that the seed extract of Kuchla (Strychnos Nuxvomica) could serve as an effective inhibitor of the corrosion of mild steel in hydrochloric acid media.
· Ndibe et al (2010) studied the corrosion inhibition of mild steel using acid extract of Vernonia amygdalina (VA) in HCl and HNO3 using standard weight loss method. The studies were carried out at 30-60 degree C temperature range in 0.1-0.5M concentrations of the acids using 0.01 – 0.03g/l concentrations of inhibitor. The results indicated that the rate of corrosion of the metal in the media increased with an increase in the concentration of the acid and decreased with an increase in the concentration of the inhibitor. The inhibition efficiency of acid extract of VA in HCl and HNO3 range from 88.93% to 94.13% and 87.94% to 93.49% ,respectively at 303K. The process of inhibition was attributed to the formation of an adsorbed film of the inhibitor on the metal surface, which protects the metal against corrosive agents.
·  Khalid Hasan et al (2011) investigated the inhibition of corrosion of mild steel using Paniala (Flacourtia jangomas) extract in 1M HCl and 0.5M H2SO4 solutions was investigated by weight loss method at 30 degree C. The result showed that corrosion rate  significantly decreased in presence of the extract and inhibition efficiency increased with increasing   concentration of the extract. In case of HCl maximum inhibition efficiency (98%) was noticed at 5% v/v inhibitor concentration and no considerable change in inhibition efficiency was observed after this concentration and in 0.5M H2SO4, it was found 95% efficiency at the same concentration of inhibitor. At lower concentration of inhibitor, better inhibition was observed in HCl medium as compared to H2SO4. The decreased corrosion rate was due to adsorption of plant extract which was discussed on the basis of Langmuir and Freundlich adsorption isotherm. Adsorption of Flacourtia jangomas depends on its chemical composition which showed the presence of various compounds like flavonoids, steroids, tannins and phenolic compounds etc. which has oxygen atoms with lone pair electrons for co-ordinate bonding with metal.
· Subhashini  et al.,(2008) estimated  the effective performance of acid extracts of Poultry waste (Hen feather) on the corrosion inhibition of mild steel in 0.5M H2SO4 at ambient temperature. Conventional weight loss and electrochemical measurement techniques were used for evaluation. The maximum efficiency was found to be 95.5% for a period of 6 hours with o.5% concentration of the hen feather extract. Experimental results were fitted to Langmuir adsorption isotherm. Electrochemical studies confirm the inhibitive nature of the hen feather extract and also the mixed nature of the inhibitor.
· Shyamala et al.,(2008) studied the corrosion inhibition effect of aqueous extract of Eclipta alba in 1 N hydrochloric acid by weight loss,potentiodynamic polarization and impedance methods and the extract of Eclipta alba was found to be effective corrosion pickling inhibitor. The effect of immersion time and temperature revealed that the extracts of Eclipta alba with an optimum concentration of 8.0% v/v showed maximum inhibition efficiency of 99.6% at 3 h immersion time and 30 degree C. Arrhenius plots for mild steel immersed in 1 N HCl solution in the absence and presence of optimum concentration (8.0% in v/v) of Eclipta alba extract showed the effect of temperature. Polarization studies indicate that this plant extract acts as a mixed type inhibitor. The adsorption of Eclipta alba was found to follow Langmuir adsorption isotherm. 

· Rajalakshmi et al.  (2008) studied the role of steel extracts of Phaseolus aureus on corrosion of mild steel in 1M HCl by weight loss method and potentiodynamic polarization technique. The potentiodynamic polarization results reveal that the seed extract behaved like mixed type inhibitor. Maximum inhibition efficiency of Phaseolus aureus in 1M HCl was found to be 93%.
· Saratha et al., (2009) investigated the inhibition efficiency of acid extract of leaves of Citrus aurantiifolia [CAL] plant on the corrosion of mild steel in 1 M HCl   by weight loss measurements and electrochemical studies. The corrosion rate of mild steel and the inhibition efficiencies of the extract were calculated. The results obtained show that the extract could serve as an effective inhibitor for the corrosion of mild steel in HCl media. Inhibition was found to increase with increasing concentration of the plant extract.  Theoretical fitting of different isotherms, Langmuir, Temkin, Freundlich, Frumkin, Flory-Huggins and the kinetic thermodynamic model, were tested to clarify the nature of adsorption. Polarisation curves revealed that this inhibitor act as a mixed type inhibitor and the inhibition efficiency of up to 97.51% can be obtained. The surface analysis study confirmed the corrosion of mild steel and its inhibition by the inhibitor CAL.
· The inhibition effect of naturally occurring biological molecule caffeic acid on the corrosion inhibition of mild steel in 0.1 M H 2SO 4 was investigated by de Souza et al., (2009). Weight loss, potentiodynamic polarization, electrochemical impedence and Raman spectroscopy techniques were conducted and confirmed that the adsorption of caffeic acid onto the mild steel surface enhances the inhibition of the corrosion process. Caffeic acid inhibited corrosion by decreasing the available cathodic reaction area and modified the activation energy of the anodic reaction.
·  The inhibitive action of aqueous extract of Tamarix gallica on the corrosion of mild steel in 1M Sulphuric acid was assessed Segni Ladjel et al.,(2010) by weight-loss method and polarization technique. Polarization curves revealed that the plant extract behaved as mixed-type inhibitors. Inhibition efficiency increased with extract concentration up to a critical value. The results showed that the extract solution of the plant could serve as an effective inhibitor for the corrosion of steel in Sulphuric acid medium.

· Rajalakshmi et al., (2008) studied the use of aquatic waste – fish scale extract as a corrosion inhibitor for mild steel in 0.5M H2SO4   by the classical weight loss and electrochemical polarization measurements. The acid extract could bring out a maximum of 96.5% inhibition of mild steel corrosion in 0.5 M H2SO4. . The extract was temperature resistant. Thermodynamic parameters of the corrosion process were calculated from temperature study. The adsorptive behaviour of fish extract in acid solution  was approximated by Langmuir isotherm. Values of Tafel constants ba and bc confirmed that the fish scale extract acted like mixed type inhibitor.

· Solomon et al., (2011) investigated the Corrosion inhibition of mild steel in 1 M H2SO4 by leaves and stem extracts of Sida acuta  using chemical (weight loss and hydrogen evolution) and spectroscopic (AAS, FTIR and UV-V) techniques at 30–60 degree celsius. It was found that the leaves and stem extracts of  S. acuta inhibited the acid induced corrosion of mild steel. The inhibition efﬁciency was found to increase  with increase in concentration of the extracts but decrease with rise in temperature. Inhibitive effect was afforded by adsorption of the extracts’ components which was approximated by Freundlich adsorption isotherm.
· Rosliza et al., (2010) measured the effect of tapioca starch to improve the corrosion resistance of AA6061 alloy in seawater by gravimetric, potentiodynamic polarization, linear polarization resistance and electrochemical impedence measurements. The results showed that the tapioca starch significantly decreases the corrosion rates, corrosion current densities (icorr), and double layer capacitance (Cdl), simultaneously increases the values of polarization resistance (Rp). The results reveal that the inhibition efficiency increased with increasing concentration. Langmuir adsorption isotherm well fitted with the experimental data.
· Aisha et al.,(2012) investigated Plectranthus tenuiflorus (Shara) plant as safe (green) inhibitor on the corrosion of mild steel in 2.0 M H2SO4 solution using weight loss and hydrogen gas evolution technique. The inhibition efficiency was found to  increase with the inhibitor concentration and decrease  with rising temperature. The inhibition was attributed to adsorption of the inhibitor molecules on mild steel surface. Adsorption characteristics of the aqueous extract of Shara plant were approximated by Langmuir adsorption isotherm. Effect of temperature was studied in the range (30-70) º C and activation parameters was determined.
· The effect of the extract of Aloe vera leaves on the corrosion of zinc in 2 M HCl solution was studied by using weight loss technique by Olusegun Abiola et al, (2010). The results showed that the inhibition efficiency increased with increasing concentration of the extract but decreased with increasing temperature. The extract was found to obey the Langmuir adsorption isotherm.
· Hui Cang et al., (2012) investigated the corrosion inhibition of mild steel in sulphuric acid solution by the extract of  Stevia rebaudiana leaves using electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization techniques. Inhibition was found to increase with increasing concentration of the leaves extract. The effect of temperature on the corrosion behavior of mild steel in 0.5M H2SO4 with addition of extract was also studied. Thermodynamic parameters (Ea, ΔH and ΔS) for the inhibition process was calculated. These thermodynamic parameters show strong interaction between inhibitor and mild steel surface. The results obtained show that the extract of Stevia rebaudiana leaves could serve as an effective inhibitor for the corrosion of mild steel in Sulphuric media.
· Raja et al., (2011) investigated the inhibition efficiency of acid extract of flowers of Cassia auriculata (CAF) plant on the corrosion of mild steel in 1 M HCl by weight loss measurements and electrochemical studies. The corrosion rate of mild steel and the inhibition efficiencies of the extract were calculated. The results obtained showed  that the extract could  serve as an effective inhibitor for the corrosion of mild steel in HCl media. Inhibition was found to increase with increasing concentration of  the plant extract. Theoretical fitting of different isotherms, Langmuir, Temkin, Freundlich and the thermodynamic model, were tested to clarify the nature of adsorption. Potentiodynamic Polarisation curves revealed that this inhibitor act as a mixed type inhibitor and the inhibition efficiency of up to 74.7% can be obtained.
· Iniyavan et al., (2012) studied the corrosion inhibition of Ecbolium viride plant extract on the mild steel corrosion in 1 M HCl by weight loss, Tafel polarization and electrochemical impedance spectroscopy (EIS). The corrosion inhibition efficiency increases on increasing the  plant extract concentration. Adsorption of inhibitor was found to follow the Langmuir`s adsorption isotherm. Adsorption equilibrium constant (Kads) and free energy of adsorption (∆G 0 ads) were calculated. Surface analysis (SEM) was also carried out to establish the corrosion inhibitive property of Ecbolium viride in 1 M HCl solution. 

· Pandian Bothi Raja et al., (2007) studied the inhibition effect of Datura stramonium extract as a green inhibitor for corrosion of mild steel in HCl and H2SO4 media at different temperature The anticorrosion effect was evaluated by conventional weight loss studies, electrochemical studies Viz.,Tafel polarization,AC impedance, and SEM studies. The studies revealed that the plant extract acts as a good inhibitor in both the acid media and better in H2So4 medium. The studies showed that the inhibition efficiency  increased with increasing extract concentration and with temperature.

· Karthikaiselvi et al.,(2009) studied the inhibitive effect of acid extract of Myristica  frangans on mild steel in 1M HCl by weight loss, DC Polarization method and AC impedence spectroscopy. Results indicated that the inhibition efficiency of extract increased with increase in inhibitor concentration and with temperature. The adsorption of extract followed Langmuir adsorption isotherm. Thermodynamic functions have been evaluated from temperature studies. Electrochemical measurements revealed that the extract acted as a mixed type inhibitor.
· Evaluation of the effective performance of acid extract of Ervatamia coronaria leaves extract on the inhibition of mild steel in 1M HCl and 0.5M H2SO4   at ambient temperature by Rajalakshmi et al.,(2010) using weight loss and electrochemical measurements. Electrochemical studies showed that the plant extracts act as mixed type inhibitors and maximum efficiency extract was found to be 98%.
· Patchaiah Kalaiselvi et al., (2010) proved the inhibition efficiency of methanolic extract of Artemisia pallens on corrosion of mild steel in 4N HCl and conc. HCl. Weight loss and polarization techniques were studied in 4N HCl, whilst weight loss, SEM and FT-IR studies were carried out in concentrated HCl. Inhibition efficiency was found to increase with increase in extract concentration. The results obey the Langmuir adsorption isotherm. The Inhibition efficiency was found to be 93% at 1.5g l-1   in 4N HCl and 96.5% at 40g l-1 in conc. HCl.
· Rajalakshmi et al.,  (2008) studied the role of seed extract of Phaseolus aureus on corrosion of mild steel in 1M HCl by weight loss method and potentiodynamic polarization technique. The potentiodynamic polarization results reveal that the seed extract behaved like mixed type inhibitor. Maximum inhibition efficiency of Phaseolus aureus in 1M HCl was found to be 93%.
· Obot et al.,(2012) analyzed the corrosion inhibition of mild steel in 0.5 M H2SO4 by ethanolic extract from the leaves of  Chromolaena odorata L. (LECO) as a possible source of green inhibitor using the gravimetric technique in the temperature range 303-333 K. Results obtained showed that the LECO functioned as a corrosion inhibitor for mild steel in the acidic environment. Inhibition efficiency increased with extract concentration but decreased with temperature. At a concentration as low as  5 %v/v of the extract, the percentage inhibition reached about  95 % at 303 K and 89 % at 333 K.  
· The inhibitive action of the aqueous extract of the root of Shirsh zallouh (Ferula harmonics) towards the corrosion of C-steel in HCl solution was investigated by El-Etre et al.,(2008). The inhibition efficiency was measured using weight loss and potentiostatic polarization techniques. The electrochemical behavior of the extract was investigated using cyclic voltammetry. The inhibition efficiency increased with increasing extract concentration and decreased with temperature. The adsorption of the extract components on the C-steel surface followed Langmuir adsorption isotherm.
· Ostovari et al., (2009) investigated the corrosion inhibition effect of henna extract (Lawsonia inermis) and its main constituents (lawsone, gallic acid, α-d-Glucose and tannic acid) on mild steel in 1M HCl solution through electrochemical techniques and surface analysis (SEM/EDS). Polarization measurements indicated that the compounds act as mixed inhibitors. The inhibition efficiency increases with inhibitor concentration and a maximum inhibition efficiency of 92.06% was obtained with 1.2g/L of henna extract.
· Rajiv Prakash et al.,(2011) investigated the effect of plant extract of Papaveraceae family Argemone mexicana for use as a low cost and efficient corrosion inhibitor for mild steel in acidic environment. Weight loss and electrochemical methods were used to study the corrosion. Nearly 80% corrosion inhibition was observed at around 200 mg L–1 inhibitor concentration and maximum (92.5%) for 500 mg L–1 extract concentration in 1 M HCl. Inhibition mechanism is studied using UV–vis, electrochemical, and surface imaging techniques.
· Shuduan Deng et al.,(2011) investigated the inhibition effect of Ginkgo leaves extract (GLE) on the corrosion of cold rolled steel (CRS) in 1.0–5.0 M HCl and 0.5–2.5 M H2SO4 solutions  by weight loss, potentiodynamic polarization curves, electrochemical impedance spectroscopy (EIS) and scanning electron microscopy (SEM) methods. The results showed that GLE is a good inhibitor, and exhibits more efficient in 1.0 M HCl than 0.5 M H2SO4. The adsorption of GLE on CRS surface obeyed Langmuir adsorption isotherm. GLE acts as a mixed-type inhibitor in 1.0 M HCl, while a cathodic inhibitor in 0.5 M H2SO4.
· Nnabuk Okon Eddy et al., (2009) investigated the inhibitive and adsorption properties of ethanol extract of Terminalia catappa for the corrosion of mild steel in H2SO4 using weight loss, hydrogen evolution, and infrared methods of monitoring corrosion. The studies revealed that the inhibition efficiency of the inhibitor increased with increasing concentration but decreased with increasing temperature and it obeyed the Langmuir adsorption isotherm. The inhibition potential of ethanol extract of T.catappa was attributed to the presence of saponin, tannin, phlobatin, antharaquinone, cardiac glycosides, flavonoid, terpene, and alkaloids in the extract.
· Umoren et al., (2009) studied the corrosion inhibition of aluminium in HCl solution in the presence of exudate gum from Raphia hookeri at the temperature range of 30-600C  using weight loss and thermometric techniques. It was found that the inhibition efficiency increases with increase in temperature. The exudate gum was found to obey Temkin adsorption isotherm.
· Sribarathy et al.,(2011) evaluated the effect of aqueous extract of the leaves of Daucus carota (Beta carotene) on the corrosion inhibition of Carbon steel solution containing sea water, using the polarization technique. It was found that the extract acted as a good corrosion inhibitor for the three tested electrodes in all tested media. The inhibition efficiency increased as the added concentration of the extract increased. The extract was found to act as a anodic inhibitor. The protective film has been analyzed using Fourier transform infrared (FTIR) spectroscopy and fluorescence spectroscopy. 
·  Vinod kumar et al.,(2010) analysed the corrosion inhibition effect of acid extract of  the pericarp of the fruit  Garcinia mangostana on mild steel in hydrochloric acid medium. Using weight-loss data, corrosion rate (CR) and thermodynamic parameters such as energy of activation for corrosion of mild steel (E), heat of adsorption of the inhibitors on the metal surface (Q) and change in free energy (∆G) were calculated.  The  study revealed that the pericarp extract of the fruit G. mangostana is a non-toxic, cost-effective corrosion inhibitor for mild steel in acid medium. 
· Vivek Sharma et al.,(2010) investigated the effect of extract of  Musa paradisiaca on corrosion inhibition of mild steel in aqueous 0.5 M sulphuric acid by weight loss method, potentiodynamics polarisation technique and electrochemical impedance spectroscopy (EIS). The inhibition efficiency was found to increase with increase in concentration of the extract. Polarization measurement indicates that Musa paradisiaca acts as a mixed type inhibitor and the inhibition efficiency decreases with rise in temperature. The inhibition was assumed to occur via adsorption of inhibitor molecules on metal surface, which obeys Langmuir adsorption isotherm. The activation energy (Ea) and other thermodynamic parameters for inhibition process were calculated. These thermodynamic parameters indicate a strong interaction between the inhibitor and the mild steel surface. SEM and AFM studies confirmed the adsorption of inhibitor molecules on mild steel surface. 
· The inhibition effect of Zenthoxylum alatum plant extract on the corrosion of mild steel in 5% and 15% aqueous hydrochloric acid solution has been investigated by weight loss and electrochemical impedance spectroscopy by Chauhan et al.,(2007).The effect of temperature on the corrosion behavior of mild steel in5% and 15%HCl with addition of plant extract was studied in the temperature  range 50-800 C. Inhibition efficiency was found to increase with increase in extract concentration till 2400 ppm. The adsorption of the inhibitor on the metal surface was found to obey the Langmuir adsorption isotherm.
· Anozie et al.,(2011) studied the inhibitive effect of leaf extracts of Euphorbia hirta and Dialum guineense on aluminium alloy (AA8011) in 0.5M HCl solution using gravimetric technique at 30° and 60°C. The results  indicated that both extracts functioned as good inhibitors and inhibition efficiency improved with concentration. The leaf extracts inhibited corrosion process in the medium by virtue of adsorption. Inhibition mechanisms were deduced from the temperature dependence of the inhibition efficiency as well as from activation parameters that govern the process. Adsorption of both leaf extracts on the aluminium alloy was found to obey the Langmuir adsorption isotherm. The phenomenon of physical adsorption was proposed from the obtained thermodynamic parameters.
· The leaves extract of Murraya koenigii has been evaluated as an inhibitor for the corrosion of mild steel in hydrochloric acid and sulphuric acid by Quraishi et al., (2010) using weight loss, electrochemical impedance spectroscopy (EIS), linear polarization and potentiodynamic polarization techniques. Inhibition was found to increase with increasing concentration of the leaves extract. The inhibition was assumed to occur via adsorption of the inhibitor molecules on the metal surface. The adsorption of the extract on the mild steel surface was found to obey Langmuir adsorption isotherm.
MATERIALS AND METHODS

3. Materials and methods

In any research work the materials and the methods adopted are the aspects, which decide and determine qualitatively and quantitatively the out come of the research. In the present investigation, efforts have been taken to study the inhibitive action of the ACL extract as corrosion inhibitor for mild steel (MS) in 1 M Hydrochloric acid. The design of the present investigation consisted of the following steps.
3.1 Selection of samples


Mild steel is one of the most important widely used engineering materials particularly for the structural and automobile applications due to low cost and easy availability. MS suffers from severe corrosion in aggressive environment, which needs to be protected. Hence the study of corrosion inhibitor of MS in aqueous aggressive media is the subject of pronounced technological significance. Thus the investigation was carried out using mild steel.

3.2 Preparation of samples


Rectangular sample of area 1X5 cm2 have been cut from a large sheet of mild steel. A hole was drilled in the specimen, mechanically polished, degreased, washed with de ionized water then thoroughly dried and kept in desiccators for weight loss tests. The mild steel specimens used had the following percentage elemental of composition as shown in table.

3.3 Test medium

Acid solutions are widely   used in chemical laboratories and in several industrial processes such as acid pickling, acid cleaning, acid de- scaling and oil wet cleaning etc. Among the commercially available acids hydrochloric acid and sulphuric acid are used in nearly all industries and is vital commodity in our national economy. Experiments were performed in 1 M HCl. The acid used was LR grade.

Elemental Analysis
	S.NO
	Elements
	% Composition

	1.
	Carbon
	0.143

	2.
	Manganese
	0.271

	3.
	Silicon
	0.041

	4.
	Phosphorous
	0.035

	5.
	Sulphur
	0.030

	6.
	Chromium
	0.002

	7.
	Molybdenum
	0.018

	8.
	Nickel
	0.006


3.4 Selection of inhibitors

 The choice of the inhibitor is based on the following consideration,

· Less expensive

· Possess no threat to the environment

· Non-toxic

· Easily available

· Bio-degradable

· Low cost

· Eco-friendly

3.5 Preparation of  the inhibitor

 The extract  was prepared by refluxing 25g of ACL in 500ml of HCl for three hours and kept overnight for cooling. The cooled extract was filtered and made up to 500ml with 1 M HCl to get 5% extract of  the inhibitor. 

3.6 Techniques employed


Physio - chemical method


Electrochemical measurements

Physico chemical method (weight loss method)


It is one of the oldest techniques of monitoring corrosion rate and is carried out by exposing the weighed metal coupons in the test media for a predetermined period of time. It is then removed and weighed. The weight loss obtained for the coupons are then measured.


In the current study pre weighed coupons were immersed in triplicate with the help of glass hook into a beaker containing 100 ml of acid with and with out inhibitor for a particular period of time. The coupons are then washed, dried and reweighed. The average weight loss of the coupons was recorded. Varying the parameters such as concentration, time of immersion and temperature the experiments were conducted


Concentration (0.05% - 0.5%)

           Time of immersion (1/2 h, 1 h, 3 h & 24 h)


Temperature (313 K – 353 K)
3.7 Determination of corrosion rate 

Many expressions are available to express the corrosion rate. The widely used expression is measured in milli inches per year using the formula,
C.R (mpy)   =   534xW
                         DxAxT
Where,

       W - Weight loss in g

       D - Density of mild steel in g/ cm2
       A - Area of the sample in cm2
       T - Exposure time in hours
3.8 Determination of percentage of inhibition and surface coverage

The percentage of inhibition efficiency and surface coverage were calculated by using the following equation. 

                                      I.E (%) =    w0 –w     x 100
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Where,                                                 
    w0- Corrosion rate without inhibitor in g

      w- Corrosion rate with inhibitor in g

3.9 Determination of thermodynamic parameters


The change in free energy (ΔG) of adsorption of the inhibitors can be calculated by using the following equation (Abdel. A and Saied. A., 1981)

                                       Log C = [log θ/ (1- θ)] – log B

 Where,
                                            ΔG = (–1.74–log B)x (2.303 RT)
                                        Log B = - 1.74 – (ΔG/ 2.303 RT)

       θ is the surface coverage  

       C is the concentration the inhibitor 

       R is the gas constant 8.314 J/mol

       T is the temperature in K


The values of enthalpy of adsorption ΔH and entropy of adsorption ΔS were obtained from the basic thermodynamic equation (I.e.) Gibbs Helmholtz equation

                                                     ΔG = ΔH - T ΔS


A plot of ΔG versus T will be a straight line with intercept ΔH and slope ΔS.

Adsorption isotherm


Corrosion inhibition is a surface process with specific adsorption of inhibitor on the metal surface. In recent years, attempts have been made to understand the nature of interaction between the inhibitor and metal surface in terms of adsorption isotherm. The knowledge of the adsorption behaviour of the inhibitor is important for definition of its active mechanism. The dependence of surface coverage on concentration is studied through the following adsorption isotherms.

                                                       Langmuir  [log (θ /1 – θ) Vs log C]

                                                       Temkin (θ Vs log C)

Activation energy (Ea)


The activation energy at different concentration of the inhibitor at various temperatures was determined by plotting log CR Vs 1/T. (Arrhenius plot). From the slope of the plot activation energy (Ea) was calculated using the following formula.

                                             Ea = - 2.303 x R x slope of the Arrhenius plot

Where 

                                           R-gas constant 8.314 J/mole
3.10 Electrochemical methods

Polarization techniques
Electrochemical studies were carried out using conventional three electrode cell with large area of platinum foil as counter electrode saturated calomel electrode (SCE) as reference electrode and sample as working electrode. The solartron electro chemical analyzer (model 1280 B) interfaced with an IBM computer was used for the polarization study.

Before starting the measurements the electrode potential was allowed to stabilize for 30 minutes. Polarization studies were conducted at a scan rate of 2mV/sec starting from -0.1 to -1mV with respect to the corrosion potential in the presence and absence of the inhibitor. 1sq.cm. of polished mild steel surface was exposed and the electrochemical studies are carried out at 303 K.
Tafel plot 


In the Tafel plot technique, a controlled scan can be applied, extending in both the anodic and the cathodic directions of corrosion potentials for a few hundred milli volts. The linear region of the plot (applied potential Vs log current) is projected to intersect. This defines corrosion current (Icorr) and the corrosion potential (Ecorr) and the slope of the linear region is the Tafel slopes (ba and bc).


The inhibitor efficiency was calculated using the following equation,

                                      I.E (%)     =   Icorr (blank)- Icorr (inhibited)     * 100
                                                                            Icorr (blank)



I.E from LPR technique

                                    I.E (%)     =   Rp (inhibited)- Rp (blank)     * 100
                                                                        Rp (inhibited)

Where,


Rp (inhibited) and Rp (blank) are linear polarization resistance in the presence and absence of the inhibitor respectively.

Impedance spectroscopy


In this method an AC signal of 5 – 10 mV of frequency 10 KHz to 10MHz is applied to the system. Impedance date can be presented in the form of Nyquist or Bode plot. From the data, the Rct and Cdl are obtained.

The I.E can be calculated using the equation,

                                      I.E (%)    =       Rct(inhibited) – Rct(blank)   * 100
                                                                         Rct(inhibited)
Where,



Rct (inhibited) and Rct (blank) are charge transfer resistance in the presence and absence of the inhibitor respectively.


With the help of the double layer capacitance Cdl, θ can be calculated using the equation,


θ   =         1 –   Cdl (inhibited)

                                                      Cdl (blank)
Where,



Cdl (inhibited) and Cdl (blank) are the double layer capacitance in the presence and absence of the inhibitor respectively.

RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION
In acidic solutions, the prime feature of the corrosion of mild steel are, that it is rapidly corroded without the formation of a passive layer of corrosion products and that the cathodic reaction consists mainly of hydrogen evolution. Therefore the most suitable inhibitors are the adsorptive type which adsorb immediately and have high efficiency. In this direction, the present study has been conducted to assess the inhibition efficiency that can be afforded by Allamanda cathartica leaves.
The results pertaining to the present investigation of corrosion inhibitive nature of Allamanda cathartica leaves extract on mild steel in 1M HCl are tabulated and discussed in the light of the objective set forth.
The investigation has been carried out under the following techniques:

· Classical weight loss measurements

· Polarisation measurements

4.1 Evaluation of Allamanda cathartica as an effective inhibitor

                   Allmanda cathartica , an antibacterial plant with its alkaloid, allamandin of molecular formula C15H16O7 has been tried for its potency in the retardation of corrosion of mild steel. It has been evaluated by mass loss measurements using the following parameters

· Effect of concentration of inhibitor

· Impact of immersion time

· Temperature effect
4.2 Effect of concentration of the inhibitor                      

The effect of concentration of the inhibitor plays an important role to fix a critical micellar concentration for the extract under study. The effect of Allamanda cathartica dosage on the dissolution of mild steel in 1M HCl medium has been investigated and the determination of the concentration of inhibitor at which maximum enhancement of inhibition efficiency is obtained has been done  by conducting the tests from the concentrations of 0.05% - 0.5% of the acidic extract and the results are illustrated in table (1) and fig (1).It is imperative from the figure that as the dosage of the inhibitor is increased ,the inhibition efficiency also increased.

The increase in inhibition efficiency with increase in concentration of the extract may be attributed to the increase in  the number of molecular  adsorbed over the mild steel surface. This blocks the active sites in which direct acid attack proceed there by effectively protecting the metal from corrosion. [Pandian Bothi Raja et al., 2009]

In the presence of 0.5% of Allamanda cathartica extract solution, the maximum efficiency was found to be 96% for HCl acid.

4.3 Effect of Immersion Time

Efforts have been taken to find out the optimum time of immersion for the extract under investigation. The extract has been analysed for different periods of time in 1M HCl. 

The result obtained for the variation of IE with exposure time for the mild steel specimen immersed in 1M HCl with and without the addition of varied concentration of ACL extract are presented in table-1 and depicted in fig -1

Analysis of the table reveals that as the concentration of inhibitor increased the IE was also found to increase with all periods of immersion. A maximum IE of 96 % was obtained for 24 hours at 0.5 % concentration. In the present investigation it is observed that the extract behaved as an excellent one at all periods of immersion. This proves the inhibitive nature of the adsorbed molecule on the surface of mild steel.

TABLE -1

Effect of Concentration & Time on inhibition efficiency of ACL extract in 1M HCl
	S.No
	Conc

 (%)
	Inhibition Efficiency (%)

	
	
	½ h
	1 h
	3 h
	6 h
	24 h

	1.
	0.05
	38
	77
	59
	88
	91

	2.
	0.10
	42
	78
	63
	92
	92

	3.
	0.15
	50
	85
	70
	94
	94

	4.
	0.20
	58
	86
	71
	94
	94

	5.
	0.25
	61
	87
	71
	95
	94

	6.
	0.30
	62
	87
	71
	95
	94

	7.
	0.35
	63
	87
	73
	95
	95

	8.
	0.40
	65
	88
	77
	95
	95

	9.
	0.45
	65
	90
	80
	95
	95

	10.
	0.50
	70
	90
	90
	96
	96
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Fig-1

4.4 EFFECT OF TEMPERATURE ON MILD STEEL  IN 1 M HCl
                  Temperature has a great effect on the rate of metal electrochemical corrosion. (Popova. A. et al., 2002). The influence of temperature on the corrosion rate of mild steel in increasing concentrations of inhibitor in 1 M HCl  was studied. To investigate the inhibition mechanism and to determine activation energy and free energy of adsorption of the corrosion process, weight loss measurements were taken in the temperature range of 303K to 353K by varying concentrations of AC.The results  are summarized in table -2 and fig -2. The data indicated that the peel extract was effective upto 343 K and decreased slightly thereafter. The maximum efficiency of 96 % at 343 K indicates that the inhibitor can be effectively used upto 343 K. 
According to N.S Rawat and A.K Singh (1989) , the above observation can be explained on the following basis adsorption and desorption of inhibitor molecules continuously occur at the metal surface and an equilibrium exists between these two processes at a particular temperature. With the increases of temperature the equilibrium between adsorption and desorption processes is shifted leading to a high desorption rate until equilibrium is again established at a different value of equilibrium constant. It explains the lower inhibition efficiency at higher temperatures. 
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Fig-2

TABLE - 2
Effect of Temperature on the Inhibition efficiency of ACL extract in 1M HCl

	S.No
	Conc

 (%)
	Inhibition Efficiency (%)

	
	
	303 K
	313 K
	323 K
	333 K
	343 K
	353 K

	1.
	0.05
	38
	74
	70
	68
	83
	66

	2.
	0.10
	42
	75
	70
	70
	86
	74

	3.
	0.15
	50
	76
	74
	72
	89
	80

	4.
	0.20
	58
	77
	77
	76
	89
	80

	5.
	0.25
	61
	78
	78
	78
	90
	83

	6.
	0.30
	62
	79
	79
	80
	90
	84

	7.
	0.35
	63
	81
	82
	81
	90
	84

	8.
	0.40
	65
	82
	83
	82
	91
	85

	9.
	0.45
	65
	83
	83
	83
	92
	85

	10.
	0.50
	70
	83
	84
	85
	94
	86


4.5 ADSORPTION ISOTHERMS 

It has been generally accepted that organic molecules inhibit corrosion by adsorption at the metal/solution interface. Adsorption provides information about the interaction among the adsorbed molecules themselves as well as their interaction with electrode surface. A useful method that assists in the understanding of the mechanism of organo electrochemical reactions in the adsorption process is the adsorption isotherm. (Bockris. J. O. M, 1993) 

Basic information on the interaction between the investigated inhibitor AC  and mild steel surface can be provided by the adsorption isotherms.

 The values of surface coverage (() is calculated using the formula ( = IE/100 where IE is the inhibitor efficiency obtained from weight loss measurements. The ( values for different concentrations of inhibitor for the acid solution were tested graphically by fitting to various isotherms like 


Langmuir 
[log (θ/1-θ] vs log C 

Temkin
θ  vs log C 

LANGMUIR  ADSORPTION  ISOTHERM 

A plot of log (θ/1- θ) Vs log C gave a straight line showing that the adsorption of AC  can be fitted to Langmuir adsorption isotherm. (Figure 3) For a reliable and linear plot, surface coverage should fall within the linear window (monolayer) for inhibitor adsorption. The strong correlation for the Langmuir adsorption isotherm plot for AC extract confirms the validity of this approach. These results demonstrated that the inhibition of mild steel by AC extract was attributed to adsorption of the phytochemical compounds present in the inhibitor  onto the mild steel surface. (Khaled K.F, 2003) 
[image: image24.jpg]


Fig-3
TEMKIN ADSORPTION ISOTHERM

Temkin adsorption isotherm was tested by plotting ( Vs log C . A straight line obtained proves that the adsorption of the inhibitor on the surface of mild steel obeys Temkin adsorption isotherm which is pictorially represented in Figure 4. 
[image: image10.emf]TEMKIN ADSORPTION ISOTHERM

0

0.2

0.4

0.6

0.8

1

1.2

-1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0

log C

θ

1/2 h 1 h 3 h 6 h 24 h


Fig-4

4.6 ENERGY OF ACTIVATION

The data obtained from weight loss measurements were plotted in accordance to Arrhenius equation.

                    Log CR = (- Ea / 2.303 RT) + constant

   Where 

              Ea = activation energy

              R = gas constant

              T = absolute temperature.

The activation energies for corrosion process are estimated from the slopes of lines of Arrhenius plot are given in table -3.From the table, it is understood the energy of activation decreases in the presence of inhibitor.For adsorption inhibitors the observed rate shows not only the effect of temperature on the metal dissolution, but also the variation of surface coverage with temperature at constant concentration. Accordingly the energy of activation changes in the present study. The energy of activation decreased in the presence of inhibitor. This is explained by Riggs (1967). According to him, the dissolution process is not only determined  by the reaction of the metal from the bare surface but also involves the adsorbed inhibitors and consequently the Ea can assume values greater or smaller than those calculated in the absence of the inhibitor. The lower value of activation energy at higher concentration of the inhibitor is explained as the likely specific interaction between iron and the inhibitor molecules.

4.7 THERMODYNAMIC PARAMETERS

The thermodynamic parameters such as free energy of adsorption enthalpy and entropy of adsorption are important in the elucidation of the corrosion inhibition mechanism. The values of (G at different temperatures were calculated from the standard equation. -(G against temperature gave a straight line. From the graph, entropy of adsorption and enthalpy of adsorption were calculated. Results of the thermodynamic parameters obtained using the investigated inhibitor are given in Table- 3 and pictorially represented in Figure-5. 

The values of (G in the presence of the inhibitor are found to be negative and this could infer that there is a strong interaction between the mild steel surface and the investigated inhibitor . The values of (S and (H from the table confirm that the process is enthalpic and entropic controlled. 
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Fig-6

TABLE - 3

Variation of thermodynamic and kinetic parameters with concentration and temperature (ACL in 1M HCl)
	S.No
	-Ea
· (KJ/mol)
	· ΔG at various temperature (KJ/mol)

	ΔS

KJ/mole
	ΔH

KJ/mole

	
	
	303
	313
	323
	333
	343
	353
	
	

	1.
	35424.1
	13.17
	15.21
	15.61
	16.05
	16.84
	16.96
	0.06937
	-7.1138

	2.
	32100.5
	12.21
	13.42
	13.75
	14.17
	14.92
	15.11
	0.05548
	-4.2693

	3.
	29668.8
	11.38
	12.38
	12.74
	13.09
	13.81
	14.05
	0.05140
	-3.9508

	4.
	31267.6
	10.88
	11.65
	12.03
	12.38
	12.99
	13.20
	0.04562
	-2.7778

	5.
	30426.5
	10.39
	11.09
	11.45
	11.80
	12.37
	12.61
	0.04368
	-2.7105

	6.
	29684.5
	9.95
	10.63
	10.97
	11.33
	11.85
	12.09
	0.04205
	-2.6580

	7.
	31015.3
	9.59
	10.27
	10.61
	10.93
	11.41
	11.64
	0.03865
	-2.3689

	8.
	31277.4
	9.28
	9.94
	10.27
	10.57
	11.05
	11.26
	0.03865
	-2.2845

	9.
	30356.6
	9.00
	9.65
	9.96
	10.26
	10.73
	10.92
	0.03754
	-2.2273

	10.
	29277.1
	8.84
	9.37
	9.69
	10.13
	10.46
	10.63
	0.03617
	-2.0109


4.8 ELECTROCHEMICAL MEASUREMENT
                      Electrochemical measurements are carried out using electrochemical analyser Solatron1284 B. Linear polarization measurements, Tafel intercept method and electrochemical impedance measurements are carried out for MS acid corrosion in the presence of leaves extract of AC. Electrochemical studies will be helpful to predict the nature of inhibitor- anodic, cathodic or mixed type to predict a suitable mechanism inhibition process. The values of corrosion kinetic parameters corrosion current (Ecorr), Tafel slope constants (ba and bc) ., linear polarisation resistance (Rp)are recorded in table -4.
POLARISATION STUDIES OF MS IN PRESENCE OF LEAVES EXTRACT OF AC

Polarisation curves  obtained in the presence and absence of the  extract of AC are depicted in fig 7. The results indicate a considerable reduction in Icorr values in the presence of the inhibitor. This confirms the inhibitive nature of the leaves extract of AC and also the adsorption on metal surface. The values of IE are found to be increasing with the increasing concentration of the inhibitor. An efficiency of 92.87 % was obtained for leaves extract of AC .Tafel slopes (ba & bc) change with increase in concentration of the inhibitor. It can be concluded from the results that the inhibitor acted as a mixed inhibitor.
TABLE 4:

Potentiodynamic polarization parameters for the corrosion of mild steel in 1M HCl with and without the extract of ACL.

	Sl.No
	Concentration

(%)
	Icorr
(Amp/cm2)
	ba
(mv/dec)
	bc
(mv/dec)
	Ecorr
(mv/sec)
	IE

%

	1
	Blank
	0.0098686
	233.19
	178.84
	-0.50589
	

	2
	0.1
	0.0016593
	121.90
	124.71
	-0.50119
	83.18

	3
	0.2
	0.0011941
	132.67
	127.69
	-0.50783
	87.90

	4
	0.3
	0.0011972
	130.14
	115.76
	-0.50745
	87.86

	5
	0.4
	0.0007031
	113.64
	99.528
	-0.50866
	92.87

	6
	0.5
	0.0010327
	146.55
	127.03
	-0.51033
	89.53


LINEAR POLARIZATION RESISTANCE METHOD 


Linear polarization resistance values in presence and absence of the  leaves extract of AC are tabulated in table 5. Increase in Rp value with increase in concentration of the inhibitor under study indicates the effective inhibitive action of the AC extract . The maximum inhibition efficiency using Rp values was found to be 84.27 % .
TABLE 5:

Rct, Rp, Cdl, &IE of MS in presence of ACL extract

	Sl.no
	Concentration (%)
	Rct
(Ωcm2)
	IE

(%)
	RP
Ω/cm2
	IE

(%)
	Cdl
(f/cm2)
	θ

	1
	Blank 
	29.868
	
	4.5139
	
	0.00022258
	

	2
	0.1
	59.682
	49.95
	16.44
	72.54
	0.00015260
	0.3144

	3
	0.2
	70.311
	57.52
	24.601
	81.65
	0.00014924
	0.3295

	4
	0.3
	80.172
	62.74
	22.535
	79.96
	0.00017240
	0.2254

	5
	0.4
	91.838
	67.47
	26.275
	82.82
	0.00018206
	0.1820

	6
	0.5
	115.01
	74.03
	28.698
	84.27
	0.00017976
	0.1929


Polarization curves in the absence and presence of different concentrations of  ACL extract in 1M HCl.
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Fig-7
Nyquist diagram of mild steel electrode with and without ACL extract at Ecorr at 30 min of Immersion time.
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Fig-8

BODE PLOT OF MILD STEEL IN THE PRESENCE OF ACL EXTRACT 1M HCl
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Fig-9

4.9 ELECTROCHEMICAL IMPEDANCE SPECTROSCOPY


Electrochemical impedance spectroscopy is sophisticated technique and it is an important tool to study the mechanism of inhibition process. Electrochemical impedance spectroscopic measurements are done in the presence and absence of the inhibitor and the value of charge transfer resistance Rct and double layer capacitance Cdl are tabulated in  table 5.The Nyquist plots for the present system are represented in  fig 8. The depressed semicircles were obtained in presence of the inhibitor. From the table, it is clear that Rct increases in concentration of inhibitor molecule is change transfer controlled .Maximum IE using Rct values was found to be 74.03 % . Using Cdl values, the surface coverage maximum was found to be 0.1929 in the presence of the inhibitor.

COMPARISON OF I.E OBTAINED BY WEIGHT LOSS AND POLARIZATION METHOD


Inhibition efficiency obtained for the current inhibitors in weight loss and polarization methods are depicted in  Figure 10. From the graph it is found that weight loss method furnished better inhibition compared to polarization method.


This difference can be attributed to the fact that weight loss measurements gives average corrosion rates, while impedance method gave instantaneous corrosion rate. This difference may be expected to arise because of the difference in time required to form an adsorbed layer of the inhibitor , which brings down corrosion.

Performance evaluation of ACL extract in 1M HCl by various methods
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Fig-10

4.10 MECHANISM OF INHIBITION


To understand the mechanism of inhibition, the adsorption behaviour of the organic adsorbates on the on the metal surface must be known. The surface coverage () values were evaluated from weight loss values. The  values for different concentratios of inhibition were tested graphically by fitting into Langmuir and Temkin adsorption isotherm.


As far as the inhibition process is concerned, it is generally assumed that the adsorption of the inhibitor at the metal-solution interface is the first step in the mechanism of action of inhibitor in aggressive media. Four types of adsorption may take place involving organic molecules at the metal- solution interface.

· Electrostatic interaction between charged molecule and charged metal.

· Interaction of unshared electron pairs in the molecule with the metal.

· Interaction of the p electrons with the metal.

· Combination of the above (Paul Schweinsberg et al.,(1998)



In the present study, the phytochemical constituents typically contain nitrogen, sulphur or oxygen in the system and corrosion inhibition occurs via adsorption on the constituents on the metal surface. Skeletal representation of adsorption of the inhibitor on MS is pictorially represented in the fig 11. The inhibitor act as the interface created by corrosion product between the corroded and the metal surface. Thus the formation of adsorbed layer between the metal surface and the phytochemical constituents of the plant extract for the inhibitive effect.
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5. SUMMARY AND CONCLUSION




Metals and alloys are exposed to the acids in industries. A huge amount of HCl is used in the chemical industries for the removal of undesired scales and rust. The addition of corrosion inhibitors effectively secures the metal against an acid attack. Many studies in this regard using organic inhibitors have been reported. Most of the inhibitors are organic compounds with N, S and O having hetero atoms having higher electron density, making them the reaction centers. These compounds are adsorbed on the metallic surface and block the active corrosion sites. Most of them are highly toxic to both human beings and the environment. Hence, use of natural products as   eco-friendly and harmless corrosion inhibitors.



Efforts have been taken to find out the inhibition efficiency of leaves extract of AC on corrosion of mild steel in1 M HCl by weight loss and electrochemical techniques. The experiments were conducted to optimize the concentration of the inhibitors and time of exposure at room temperature and at high temperatures. To understand the nature of the adsorption process, thermodynamic and kinetic parameters were evaluated using temperature studies results. Experimental results were fitted into various adsorption isotherms. Electrochemical techniques-Linear polarization techniques, Tafel intercept method and electrochemical impedance spectroscopy was performed. The results obtained by Tafel, Linear polarization resistance and impedance spectroscopy have been correlated with the classical weight loss measurements. A possible mechanism of inhibition process was also suggested.

The results obtained during this investigation have been summarized as follows:
· A maximum of 96 % inhibition efficiency was obtained for  0.5 % concentration of  leaves extract of AC .

· The leaves extract of AC was temperature resistant. The inhibition efficiency of the extract increases with the concentration and temperature up to 343 K. After that a slight decrease is observed at 353 K.
· Thermodynamic parameters showed that the inhibition is due to spontaneous adsorption of inhibitor on the metal surface.

· Values of Tafel constant ba and bc confirm that the AC extract act like mixed type inhibitor. 

· The inhibitor was found to follow Langmuir and Temkin adsorption isotherm.

· Increase in Rp and Rct values and decrease in Icorr and Cdl values confirm that AC extract is adsorbed on the mild steel surface and inhibition process is  by monolayer adsorption.

· Inhibition Efficiency by weight loss methods was found to be greater than electrochemical measurements.

· AC in HCl medium effectively inhibit the corrosion and prove to be a low cost inhibitor, biodegradable and environmentally friendly inhibitor.

· Cost effective, long-lasting and non toxic to the environment

                  The present study revealed that the leaves extract of AC play a major role in reducing the metal dissolution and protect the MS surface from corrosion.
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				9.59		10.27		10.61		10.93		11.41		11.64		0.0386571429		-2.3689619048

				9.28		9.94		10.27		10.57		11.05		11.26		0.0386571429		-2.2845428571

				9		9.65		9.96		10.26		10.73		10.92		0.0375428571		-2.2273904762

				8.84		9.37		9.69		10.13		10.46		10.63		0.0361714286		-2.0108952381
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								1/t vs log CR

		0.0033		3.0087		3.2394		3.1934		3.4484		4.002		4.1493

		0.00319		2.8039		2.6481		2.673		2.9534		3.2261		3.6825		-1850.1039912845

		0.00309		2.7731		2.6308		2.6648		2.9228		3.1607		3.5648		-1676.5217391304

		0.003		2.7114		2.6218		2.6033		2.8996		3.0611		3.4604		-1548.9987124889

		0.00291		2.6308		2.6033		2.5638		2.8214		3.0444		3.443		-1633.0246607903

		0.0028		2.6033		2.574		2.5316		2.7979		3.0087		3.3877		-1589.0878478756

				2.5938		2.5638		2.5203		2.7399		2.9936		3.3638		-1550.3397048628

				2.574		2.5088		2.4591		2.733		2.9936		3.3505		-1619.7959790037

				2.5533		2.4846		2.4319		2.6964		2.974		3.3385		-1633.5277805289

				2.5426		2.4591		2.4177		2.6809		2.8996		3.3226		-1585.4382489848

				2.4846		2.4591		2.403		2.6218		2.7918		3.2947		-1529.0561552936
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