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                       INTRODUCTION
1. INTRODUCTION

               Most metals exist in nature in combined forms as their oxides, carbonates, hydroxy carbonates, sulphides, chlorides and silicates. These are reduced to their metallic states from their ores, during their extraction processes. Hence, when metals are put into use .in various forms, they are exposed to environment; the exposed metal surfaces begin to decay. Any process of deterioration and consequent loss of a solid metallic material, through an unwanted chemical or electrochemical attack by its surface is called corrosion. Thus corrosion is a process “reverse of extraction of metals”. The most familiar example of corrosion is rusting of iron, when exposed to the atmospheric conditions. During this, a layer of reddish scale and powder of oxide (Fe3O4 ) is formed , and the iron becomes weak.

1.1 DEFINITION 

     According to modern definition corrosion is the deterioration of a substance due to its reaction with its environment. Corrosion returns the metal to its combined state i.e. chemical compounds that are similar or even identical to minerals from which the metals were extracted.

  1.2 CAUSE OF CORROSION

     Corrosion is frequently caused by an electrochemical reaction that is similar to the reaction that makes a battery work (the flow of electrons from the anode (positive end) to the cathode (negative end). The surrounding environment most often provides the necessary ingredients (heat, moisture, acids, chemical contaminants, for example salt, nitrogen and sulphur oxides etc.) that create the electrochemical reaction on the surface of the substance.

                     All engineering materials are reactive chemically and that the strength of materials depends totally up on the extent to which environments influence the reactivity and subsequent degradation of these materials. In order to define the strength of engineering material for a corrosion based design, it is essential to define the nature of the environments affecting the material overtime. The various causes of corrosion are; 

·   Material factor

· Environmental factor

· Time factor

· Temperature factor

· Geometry factor

· Stress factor

1.3 COST OF CORROSION

             The cost of corrosion is defined as the corrosion fraction of design, manufacturing, operation and maintenance, technology development and loss of asset. Cost of corrosion studies have been under taken by several countries including the United States, the United Kingdom, Japan, Australia, Kuwait, Germany, Finland, Sweden, India and china.

             Cost of corrosion studies have been undertaken by several countries; these studies showed that corrosion has a major impact on the economies of industrial nations.

1.4 MECHANISM OF CORROSION

              The electrochemical corrosion of metal involves flow of electron current between anodic and cathodic area. The anodic reaction involves dissolution of metal as corresponding metal ions with the liberation of free electrons , while the cathodic reaction consumes the electrons , evolved in the anodic reaction , with the evolution of hydrogen or absorption of oxygen ; depending upon the nature of corrosive environment.

               Rusting of iron consists of the formation of hydrated oxide. Considering metals like Fe, the anodic reaction is dissolution of ions with the liberation of electrons.


[image: image3.wmf]Fe

Fe

2+

e

-

2

(Oxidation)

+


             These electrons flow through the metal , from anode to cathode , where H+ ions are eliminated as hydrogen gas.
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         The overall reaction is ;
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         Thus this type of corrosion causes, “displacement of hydrogen ions from the acidic solution by metal ions”. Consequently all metals above hydrogen in the electrochemical series have a tendency to get dissolved in acidic solution with simultaneous evolution of hydrogen.

   On anodic part,
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         Small amount of CO2 makes water slightly acidic in nature. It releases proton as follows.
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On cathodic part, electron reduces the oxygen in the presence of H+.
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These hydrogen atoms react with dissolved oxygen or oxygen in air to form water.
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Hence the reduction takes place at cathode:
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       The overall reaction is;
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      This Fe2+ reacts with dissolved oxygen to form ferric oxide, which undergoes hydration to form rust.
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1.5 FACTORS INFLUENCING CORROSION


The rate and extent of corrosion depends on the following factors.

I. Nature of the metals

· Position in the galvanic series

· Physical state of the metal

· Volatility of corrosion products

· Purity of metal

· Nature of oxide film

· Solubility of corrosion products.

II. Nature of corroding environment.

· Temperature

· Humidity of air

· Effect of pH

· Presence of impurities in atmosphere

· Presence of suspended particles in atmosphere.  

1.6 THEORIES OF CORROSION 

      Corrosion is discussed under three categories.

I. Dry or chemical corrosion.

              This type of corrosion occurs due to direct action of atmospheric gases like O2, CO2, H2S, SO2, N2, X2 etc with the surface of the metals. This type includes:

a. Oxidation corrosion

b. Corrosion by other gases

c. Liquid metal corrosion                  

II. Wet or electrochemical corrosion

                Wet corrosion occurs under the conditions;

(i) When a conducting liquid is in contact with the metal completely immersed in solution.

(ii) The reaction occurs due to the existence of separate anodic and cathodic part between which current flows through the conducting solution. At anodic area, oxidation reaction and at cathodic area reduction takes place.

These are of two types:

a. Evolution of hydrogen type corrosion

b. Absorption of oxygen.

III. Acid theory of corrosion

            According to this theory rusting of iron is due to the continued action of Oxygen, CO2 and moisture converting the metal into soluble ferrous carbonate, which is further oxidized to basic ferric carbonate and finally converted into hydrated ferric oxide.

Chemical reactions are;
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1.7 TYPES OF CORROSION

               Corrosion may be divided in to several types, such as, localized corrosion, compositional corrosion. Uniform corrosion is caused by direct chemical attack. An example of this type of corrosion is Zinc exposed to hydrochloric acid. Furthermore, if Zinc is left in the acid long enough, it will be dissolved by the acid. Localized corrosion is caused by the electrolytic action of a galvanic cell. Localized corrosion may be in the form of pits, pockets or cavities due to the deterioration of metal. The different types of corrosion are;

· Uniform corrosion - The reaction starts at the surface and proceeds uniformly.

· Galvanic corrosion – Increased corrosion in crevices or cracks or at contact surfaces between two metal articles. 

· Pitting corrosion – The basis metal is eaten away and perforated in places in the manner of holes, the rest of the surface being affected only slightly or not at all. 

· Wide pitting corrosion – The corrosion causes localized scarring.

· Intergranular corrosion – Imperceptible or barely perceptible from outside, since the corrosion proceeds at the grain boundaries.

· Trans granular or intragranular corrosion – the grain boundary material is retained, since the corrosion proceeds preferentially with in the grain.

· Selective corrosion – corrosive attack on structural constituents.

· Exfoliation corrosion – occurs in deformed articles. Corrosion follows ‘fiber orientation’.

· Interfacial corrosion- frequently observed at water – air interfaces.

· Stress corrosion

· Waterline corrosion

· Crevice corrosion

· Erosion corrosion

· Concentration cell corrosion

1.8 CONTROLLING CORROSION

                       Corrosion of structural grades of iron and steel, however, proceeds rapidly unless the metal is amply protected. This susceptibility to corrosion of iron and steel is of great concern, because, owing to favorable cost and physical property consideration, vast quantities are used. Annual losses due to corrosion of steel have been variously estimated at nearly 70 billion dollars in United States. It is apparent that protection against corrosion is an indispensable phase of sound engineering. Some of corrosion control methods are

a) Proper designing or design improvement :

             The most effective and economical method of reducing losses due to corrosion starts at the design stage. Selecting the most suitable geometrical design, material of construction, protective method and carrying out the final design work will considerably reduces corrosion rate.

b) Change of metal : 

The corrosion resistance of a metal can be greatly improved by,

i. Change of composition (e.g., Refining or Alloying)

ii. Change of structure ((e.g., Heat treatment)

iii. Elimination of residual tensile stresses.(e.g., Annealing)

iv. Introduction of surface compressive stresses. (e.g., shot peening).

c) Change of metal potential : 

         Corrosion can also be prevented by changing the electrode potential of the metal.

1. Lowering the potential of the metal in the negative (anodic) direction in the domain of immunity, this is called cathodic protection.

2. Increasing the potential of the metal in the positive direction in the domain of passivity, this is called anodic protection / passivation.

d) Using of coatings :

The corrosion of metals which occurs due to chemical or electrochemical reaction of the environment can be prevented by separating the metal from the environment. The protective coatings applied to prevent corrosion can be either,

i. Metallic coatings

ii. Non-metallic coatings

  Both metallic and non metallic coatings should have the following characteristics.

a) Good resistance to corrosion

b) Perfect adherence to the underlying metal

c) Continuity so as to cover the metal surface completely.

   (e) Change of environment: 

Corrosion can be effectively controlled by changing or modifying the corrosive environment.

i. Removal of corrosive constituent of the environment of effectively prevent corrosion.

        (f) Use of inhibitors: 

 A corrosion inhibitor is a substance which when added in small quantites to the aqueous corrosive environment, effectively decreases the corrosion rate of a metal.  In the field of corrosion, inhibitors are mostly employed during the pickling process.

1.9 WHY- ACID PICKLING ?

               Metals which are subjected to painting, enamelling, galvanizing, electroplating, phosphate coating, cold rolling etc., must have a clean surface free from salt or oxide scale. To remove unwanted scale such as mill scale rust, the metal is immersed in an acid solution known as an acid pickling bath. This process is known as “ACID PICKLING”.

1.9.1 ADVATAGES OF ACID PICKLING: 

a. Helps to remove undesirable oxide film or mill scale,rust from the metsl surface.

b. Helps prepare metal surface for further preparations like electroplating, cold rolling etc.,

1.9.2 DISADVATAGES OF ACID PICKLING: 

Besides the advantages of acid picking, there are some disadvantages also,

i. Huge consumption of acid 

ii. Atmospheric pollution

iii. Pitting attack on the pickling material

iv. Dissolution of the base metal after scale removal.

v. Hydrogen diffusion inside the metal

vi. Corrosion of surrounding structures.

       To overcome the advantages during the pickling processes, inhibitors are added. The addition of small amount of chemical compound to a corrodant that are able to reduce the corrosion of the exposed metal is a preventive measure known as inhibition.

2.0  CLASSIFICATION OF INHIBITORS: 

            Based on environment, mechanism, practical application and mode of protection, inhibition can be classified as, 

	S.no
	Basis of   classification
	Type of inhibitors

	1
	Environment
	Acid, Alkali, Nuetral

	2
	Mechanism
	Anodic, Cathodic, Mixed, pickiling

	3
	Practical applications
	Water treatment, refrigeration system, petroleum industry, radiators.

	4
	Mode of protection
	Chemical passivators, adsorption inhibitors, film forming and vapour phase inhibitors.




Since acids are mostly used for the pickling processes, inhibitors for acid systems are discussed below.

2.1 INHIBITORS FOR ACID SYSTEM

The compounds, which inhibit the corrosion of mild steel in acidic media, are known as acid corrosion inhibitor. Acid corrosion inhibitor may be organic or inorganic inhibitors.

           Organic inhibitors containing polar groups are widely used in acidic solutions. Generally nitrogen and sulfur containing compounds with a hydrocarbon part attached to the polar group are used as inhibitors. The two main type of adsorption of organic inhibitors on the metal surface are physical or electrostatic adsorption and chemisorption.

                 Physical adsorption is due to the electrostatic attraction between the inhibiting ions or dipole and the electrically charged surface of the metal.

                 Chemisorption is the interaction between the metal surface and an inhibitor molecule. A co-ordinate type of bond involving, electron transfer from inhibitor to the metal is assumed to take place in the process. There is no chemical bond between the metal and the adsorbed species. This process is slower than electrostatic adsorption and has higher energy and higher inhibition efficiency at higher temperature and is not completely reversible.

             Availability of π- electrons due to the presence of  multiple bonds or aromatic ring in the inhibitor molecule would facilitate electron transfer from the inhibitor to the metal.

                 The addition of many classes of organic compounds such as triple bonded hydrocarbons, acetylenic alcohols, sufoxides, sulfides and mercaptons, aliphatic, aromatic or heterocyclic compounds containing nitrogen and many other families of simple organic compounds can inhibit the corrosive attack of acid.

                     Inorganic inhibitors function by deposition of the metal on iron and steel by reduction and increasing the hydrogen over potential. Example , AS2O3, Sb2O3, phosphates, carbonates, anions like chloride, bromide, iodide ions, metals like Pb2+, mn2+, Cd2+, which are used in cooling system like automobile radiators. 

2.2 REQUIREMENTS OF CORROSION INHIBITORS

       The parameters to be considered for the inhibitors are, 

· Good protection of all metals, or at least the inhibitors should not promote corrosion.

· Non negative effects on sealing materials, coatings etc.,

· Efficient protection at the lowest possible concentrations.

· If possible no influences on heat transfer.

· Too high or too low amounts of inhibitor should not promote corrosion (dangerous inhibitors).

· Inhibitors and their reaction products must not cause any deposits on the metal surface (heat transfer).

· Little or no toxicity of the inhibitors for humans or animals (indusrial hygiene).

· Good biological elimination in effluents without having a negative effective on the bacterial strains of clarification plants. 

                                                                (Srinivastava et al, 1981)

2.3 OBSERVATIONS ABOUT INHIBITORS

· Most inhibitors have been developed through empirical experiments.

· Industrially used inhibitors are generally mixture of several inhibitors and are usually prosprietary in nature and their composition is not known.

· Inhibitors show synergistic (mutually supporting) effect,  i.e.,when two or more inhibiting substances are added to a corrosive environment , the combined inhibiting effect is sometimes greater than that which would be achieved by either of the two substances alone.

· Inhibitors are mostly used in a closed system where the corrosive environment is either recirculated or contained for long periods. They are generally not used in once through the systems.

· Many inhibitors are toxic and can therefore be used only in environment, which will not be used directly by living beings.

· Inhibitors are generally very specific in providing protection. A substance acting as a inhibitor in one environment might accelerate corrosion attack in another.

· Increase in temperature and concentration of the environment uaually makes make inhibitor ineffective. However, an increase in temperature might be useful in some cases.

Green inhibitors displaying substantially improved environmental properties will be the inhibitors most widely used in the future (Papavinasam, 2000).
              According to Shreir, the cost is one of the relevant points if an inhibitor to control corrosion in a process to be adapted. Researches have been carried out on the inhibiting properties of some naturally occurring substances and industrial by- products, which can be easily obtained from cheap sources.

2.4 IMPORTANCE OF CORROSION STUDIES

                  From the standpoint of a nation’s economy, the logic underlying the importance of corrosion studies is manifold. For metals performing under present day complex and variable service conditions, controlling corrosion by isolated developments and treatment is necessarily in adequate. The huge amount of work needed for protection against corrosion requires a reliable and precise scientific foundation. Thus, establishment of the basic concepts of corrosion and its control becomes very important.

                                 The first significant area of corrosion studies is economic which include the objectives of reducing enormous material losses resulting from the corrosion damages of diverse types. The second area is improved safety and reliability of operating equipment which, through corrosion may lead to catastrophic consequences involving both men and money.

               The third area is conservation of limited material resources, and the wastage of these also includes corresponding wastages of energy and water resources associated with the production and fabrication of metal structures.

                Even a small improvement in the technology of corrosion prevention would lead to a considerable gain to the country. It is on such logic that the subject of corrosion justifies its relevance for study and support in the fields of science and engineering (Banerjee, 1985).  

2.5 CORROSION MONITORING 

             The field of corrosion measurement, control and prevention covers a very broad spectrum of technical activities. With in the sphere of corrosion control and prevention, there are technical options, such as cathodic and anodic protection, material selection, chemical dosing and the application of internal and external coatings. Corrosion measurement employs a variety of techniques to determine how corrosive environment is and at what rate of metal loss is being experienced. Corrosion measurement is the quantitative method by which the effectiveness of corrosion control and prevention techniques can be evaluated and provides the feed back to enable corrosion control and prevention methods to be optimized.

A wide variety of corrosion measurement techniques exists, including

· Non-destructive testing

· Analytical chemistry

· Operational data

· Fluid electrochemistry

· Corrosion monitoring

           Corrosion monitoring techniques alone provide direct and online measurement of metals loss / corrosion rate in industrial process systems.

2.5.1 The need for corrosion monitoring : 

The rate of corrosion dictates how long any process plant can be usefully and safely operated. Corrosion monitoring techniques can help in several ways ; 

1. By providing an early warning that damaging process conditions exist this may result in a corrosion induced failure.

2. By studying the correlation of charges in processes parameters and their effect on system corrosivity..

3.  By diagnosing a particular corrosion problem, identifying its cause and the rate controlling parameters, such as pressure, temperature, pH, flow rate, etc.,

4. By evaluating the effectiveness of a corrosion prevention technique such as chemical inhibition and the determination of optimal applications.

5. By providing management information relating to the maintenance requirements and ongoing condition of plant.

 2.5.2 CORROSION MONITORING TECHNIQUES

             A large number of corrosion monitoring techniques exist. The following list details the most common techniques which are used in industrial application. 

Physico-chemical methods  :

1. weight loss method

2. Gasometric technique

3. Hydrogen penetration

   Electro-chemical methods : 
1. Tafel  extrapolation method

2. linear polarization method

3. AC impedence method.

  2.6 CORROSION INHIBITORS

             Corrosion inhibitors are chemical compounds that, when added to a fluid or gas decreases the corrosion rate of a metal or an alloy. Inhibitors are an either organic or inorganic substance that dissolves in corroding solvent, but are capable of forming protective layer of some kind at either anodic or cathodic areas.

            The effectiveness or inhibition efficiency of the corrosion inhibitor is a function of many factors like; fluid composition, equality of water etc.If the correct inhibitor and quantity is selected then it is possible to obtain a efficiency of about 90-99 %. Some of the mechanisms of its effect are formation of a passivation layer, inhibiting either the oxidation or the reduction part of the redox corrosion system, or scavenging the dissolved oxygen.

Corrosion inhibitors are of the following two types.

a. Anodic inhibitors

b. Cathodic inhibitors

                   An example of an anodic inhibitor is chromate, which forms a passivation layer on aluminium steel surfaces that prevent the oxidation of the metal. Nitrite is another anodic inhibitor. If anodic inhibitors are used at too low concentration, the can actually aggravate pitting corrosion, as they form a no uniform layer with local anodes.

  2.7 GREEN INHIBITOR 
                     Environmental concerns worldwide are increasing and likely to influence the choice of the corrosion inhibitor in the present and in the future. One of the methods to protect metal against corrosion is addition of the species to the solution in contact with the surface inorder inhibit the corrosion rate. Many of the inhibitors used are inorganic salts or organic compounds with toxic properties or limited solubility. Increasing awareness of health and ecological risks has drawn attention to finding more suitable inhibitors, which are non-toxic.

                    Many of the available commercial inhibitors used in various corrosive media are highly toxic. Some of them have been reported as carcinogenic. In view of these observations there exists a need for development of eco-friendly (green )corrosion inhibitors. Plant products and vegetable wastes are being used as corrosion inhibitors since the nineteenth century onwards.

   2.8 MODE OF ACTION

           The performance of the plant extracts on corrosion inhibition is related to the chemical structures of components present in it. The inhibitive action can be due to ;

· Adsorption of the molecule or  its ions on anodic or cathodic sites

· Increase in anodic and/or cathodic voltage

· The formation of a protective barrier film.

           The size of organic molecules, aromaticity, chain length, strength of bonding to the metal substrate, type and number of bonding atoms or groups in the molecule, the ability to become cross linked and adequate solubility in the medium are some factors which contribute to the effectiveness of natural inhibitors.

              In order to explore the possibility of using the extract from the leaves of Bauhinia purpurea tree as an effective corrosion inhibitor, an attempt is made in this study to investigate the corrosion inhibition for mild steel in 1M HCl solution.

DESCRIPTION OF THE PLANT

Botanical name: Bauhinia purpurea                                      

  Family: Caesalpiniacea

  Common names: Butterfly tree, purple orchid tree, purple-camel’s foot tree              

  Tamil name: Nialttiruvatti. 
   Parts used: Flowers, leaves, shoots, pods

FIGURE 1

                                          


 PLANT DESCRIPTION:
                            Bauhinia purpurea is a tropical plant that is usually single stemmed, with smooth yellow-grey bark and light green bilobates (two lobes) leaves that are up to 20 cm long. The leaves fall during the cold season and at the same time the large sweetly scented flowers appear. The flowers may be magenta, pink or white. The long narrow pods often as much as one foot in length and contain ten to fifteen seeds. The leaves are from 3 to 6 inches long and as broad are left at the apex, forming two rounded lobes grow alternatively along the twigs on. The underground roots of the purple Bauhinia have been found to be extremely poisonous.

DISTRIBUTION

               It is native to Hong Kong but has been introduced much of Africa including Ethiopia, Malawi, Nigeria etc.It can also be found in Asia and around the Indian ocean.

2.9 OBJECTIVES OF THE STUDY

            The leaves of Bauhinia purpurea are easily available and so the corrosion inhibition of mild steel in 1 M HCl solution by the extract of Bauhinia purpurea leaves is investigated. Hence the present investigation has been made with the following objectives.

· To investigate the inhibitive effect of extract of Bauhinia purpurea   leaves on the corrosion of mild steel in 1M HCl solution.

· To suggest an eco-friendly natural inhibitor for corrosion inhibition of mild steel on the basis of this study.

· To determine the corrosion rate by weight loss method.

· To find out the effect of change in concentration of inhibitor on the inhibition efficiency.

· To find out the effect of period of immersion on the inhibition efficiency of mild steel in 1M HCl solution.

· To find out the influence of temperature on the corrosion rate of mild steel in 1M HCl.

· To calculate the thermodynamic parameters.

· To evaluate the inhibitor by polarization technique.

· To correlate the results of time by weight loss and polarization method.

· To propose a suitable adsorption model to arrive at a probable mechanism for inhibition.

REVIEW OF LITERATURE

2. REVIEW OF LITERATURE

                A research work is a gradual progress and systematic unfoldment of important existing concepts, which have already been dealt with and experimented up on by other experts and science scholars. The literature of the past findings and studies is essential and indispensable for further experimentation and research work. This review provides knowledge of past investigation on corrosion inhibitor of mild steel.

· Thyme extract of Thymus vulgar L plant was evaluated as volatile corrosion inhibitor for mild steel in hydrochloric acid  environment with 100 % relative humidity. Thyme impregnated craft paper was evaluated by gravimetric and electrochemical methods such as potentiodynamic polarization and AC impedance measurements. At higher concentrations, decrease in inhibition efficiency was observed. The adsorption behavior of thyme obeys Temkin adsorption isotherm (Kumar.P.Prem et al,2008).
· .Efficiency of acid extract of dry Nyctanthes arbortristis (Night jasmine) leaves as corrosion inhibitor for mild steel in 1 N H2SO4 medium was investigated. Experimental methods include weight loss and polarization studies. The result indicate  Nyctanthes arbortristis  leaves to be a good corrosion inhibitor of a mixed type and having efficiency as high as 90 % at 1 % inhibitor concentration (saratha   et al , 2009).

· Corrosion inhibition of mild steel in 2 M HCl and 1 M H2SO4 by extracts of selected plants was investigated using a gasometric technique at temperatures of 30 and 60 °C. The studied plants materials include leaf extracts Occimum viridis (OV), Telferia occidentalis (TO), Azadirachta indica (AI) and Hibiscus sabdariffa (HS) as well as extracts from the seeds of Garcinia kola (GK). The results indicate that all the extracts inhibited the corrosion process in both acid media by virtue of adsorption and inhibition efficiency improved with concentration. Synergistic effects increased the inhibition efficiency in the presence of halide additives. (Owerri et al, 2008).
· The effect of the extract of Aloe vera leaves on the corrosion of zinc in 2 M HCl solution was studied using weight loss technique. A. vera extract inhibited the corrosion of zinc in 2 M HCl solution and the inhibition efficiency increased with increasing concentration of the extract but decreased with increasing temperature. The adsorption of the inhibitor molecules on zinc surface was in accordance with Langmuir adsorption isotherm. A first-order kinetics relationship with respect to zinc was obtained with and without the extract from the kinetics treatment of the data.( Abiola et al, 2010).
· The inhibitive action of leaf extract of Sansevieria trifasciata on Al corrosion in 2 M HCl and 2 M KOH solution was studied using gasometric technique. The result indicates that the extract functioned as a good inhibitor for both environment (Oguzie, 2007).

· The inhibitive effect of Delonix regia extract to reduce the corrosion rate of Al in acidic media was evaluated using the H2 evolution technique at 300 C and polarization method. The inhibitor molecule adsorbed on to Al by a physisorption based mechanism. A first order type of reaction mechanism was obtained from the kinetic treatment of the H2 gas evolution data (Abiola et al,2007).
· The corrosion behaviour of Zinc in (HNO3 + HCl) binary acid mixture containing ethylamines has been evaluated. Among the three ethylamines namely ethylamine, diethylamine and triethylamine , ethylamine has been found to be an efficient inhibitor. All the inhibitors are found to obey Langmuir adsorption isotherms (Bhajiwala et al,2002).
·  The enhancement of the inhibitor efficiency of Atropine methochloride in corrosion control of mild steel in H2SO4 was carried out in the presence of metal ions, different concentrations of metal ion and different metal ion. The methods used were mass loss and polarization methods and the analysis reveals that the inhibition efficiency of Atropine methochloride was maximum at 10-2 in 5 hours of immersion period Halides decreased the corrosion rate of mild steel in sulphuric acid. The inhibitor was found to be effective up to 303 K (Abida Begum et al,2008).
· James et al, (2009) studied the corrosion inhibition of mild steel in hydrochloric acid solution by 2-benzoyl pyridine (2BP) and pyridoxol hydrochloride (PXO) at 303K, 313K and 323K using weight loss and hydrogen evolution technique. A first order type of mechanism has been deduced from the kinetic treatment of the results and the process of inhibition was attributed to physisorption.

· Adsorption and inhibitive properties of benzimidazole derivatives in the corrosion of  mild steel in 1 M  hydrochloric acid  was investigated. The methods used were gravimetric and polarization technique. It was found that the inhibition efficiency increased with the increase of organic substrate concentration, while the adsorption followed the Frumkin isotherm ( Popova et al,2004).

· 2,5-Bis(4-dimethylaminophenyl)1,,3,4-oxadiazole(DAPO) and 2,5-Bis(4-dimethylaminophenyl)1,3,4-thiadiazole(DAPT) have been synthesized and their inhibiting action on the corrosion of mild steel in 1 M HCl and 0.5 M H2SO4 at 300C has been investigated by various corrosion monitoring techniques. The inhibitors function through adsorption following Langmuir isotherm in both the acids. (Bentiss et al,2004).
· The effect of zinc oxide as an inhibitor for the corrosion of steel in concrete environment was studied by weight loss measurements, potential –time behavior and anodic polarization technique. Alkalinity of concrete was maintained by the addition of Zinc oxide. The efficiency of the inhibitor was found to increase with increasing inhibitor concentration.(Tae-Hyun Ha et al,2004).
· Sudha et al, (2004) studied the effect of inhibition of aromatic Schiff’s bases on the corrosion of mild steel in I M HCl by weight loss measurements. Hammett’s plot indicates that both electron withdrawing and releasing substituents in the inhibitor molecule enhances the corrosion inhibition capacity. Adsorption of inhibitors seemed to obey Temkin’s and Langmuir’s adsorption isotherms.

· The inhibitive influence of  Hexamine on the corrosion of commercial mild steel in 0.1 M HCl medium has been studied by weight loss and polarization studies and electrochemical Impedance Spectroscopy(EIS) is also used for inhibition study. The results showed that adsorption of the compound on mild steel in acid medium obeys Temkin’s adsorption isotherm. The inhibition is due to adsorption of the inhibitor at the cathodic sites followed by the formation of insoluble film(Violet Dhayabaran etal,2005).

· The inhibitive influence of 3-Nitro 41-N,N-dimethylaminoazobenzene and 4-Nitro-41-N,N- dimethylaminoazobenzene was investigated  on the corrosion of mild steel in 10 % sulfamic acid. The corrosion of mild steel dipped in 10 % sulfuric acid was predominantly under anodic control, in the presence and in the absence of the dye. Both the anodic and the cathodic processes are polarized considerably with the increasing concentration of the inhibitor (Jeyaraj et al, 2005).
·  Ponmariappan et al, (2005) isolated the biofilm forming bacteria staphylococcus sp from three month old biofilm on mild steel surface and studied the effectiveness of this bacteria on the inhibition of corrosion of mild steel. Corrosion inhibition behavior of pure-culture biofilms of staphylococcus sp has been evaluated by conventional weight loss method and electrochemical methods like polarization and impedance spectroscopy. The partial chemical characterization of EPS has been carried out by FTIR and the fatty acid constant was analyzed by using a Gas chromatogram.

· Mitigating corrosion of mild steel by sodium tungstate based inhibitor in neutral aqueous medium was studied. The objective of the present work is to increase the I.E of sodium tungstate (ST) by means of its synergistic effects with sodium silicate(SS) and sodium phosphate (SP) especially at lower concentrations. Performance of sodium phosphate is better than sodium silicate as a co- inhibitor with sodium tungstate (Saji et al, 2002).
· Elayyoubi et al, (2002) has investigated the effect of a new class of corrosion inhibitors namely 4-methoxy chalcone (A1) and dichalcone (A2) on the corrosion of mild steel in 1 M HCl by various techniques. It has been shown that  A1 act as a mixed type inhibitor and its adsorption on steel surface obeys the Temkin isotherm model. The effect of temperature on the corrosion behaviour of steel indicated that inhibition efficiency decreases with the rise of temperature in range 298-338 K. 

· The inhibition of corrosion of mild steel in HCl by (4-amino-2-methyl-5-pyrinidl methyl thio) acetic acid (AMMPTA), 3-(4-amino-2-methyl-5-pyrimidylmethyl)-5-(2-hydroxyethyl)-4-methyl-thiazolium chloride hydrochloride (AMMPTC) and thioglycollic acid (TGA) has been studied by weight loss method. The inhibition was found to increase with increase in inhibitor concentration. Physical adsorption mechanism has been proposed for the inhibitors and the difference in the inhibition behaviour of the compound has been explained on the basis of molecular weights and molecular structures (Abiola et al, 2002).

· Amith Chakma et al, (2001) investigated the possibility of using low-toxic corrosion inhibitors, instead of heavy metal inhibitors, for CO2 separation using aqueous solution of  monoethanolamine (MEA). The performances of eight low-toxic organic inhibitors (amines ,carboxylic acid and sulphoxide) were evaluated by conducting electrochemical corrosion experiments. The experimental results showed that carboxylic acid had the best inhibition performance (as high as 92 %) followed by sulfoxide and long chain aliphatic amine. Their performances depended on inhibitor concentration and temperature.
· The corrosion inhibition of mild steel in 2 M HCl solution by tributylamine has been investigated by using the impedance technique. The inhibitor mechanism was treated as a substitutional adsorption process according to Flory-Huggins, Dhar-Flory-Huggins and Bockris-swinkels isotherms. The inhibition efficiency of tributyl amine increases as the inhibitor concentration is raised. It has been demonstrated that the perfected molecular area method is a good approach to correlate the effectiveness of the film forming corrosion inhibitors on mild steel in 1 HCl solution and the concentration of tributyl amine (Bastidas et al,2000).
· Harek et al, (2004) investigated oxalic N- phenyl hydrazide N’ –phenylthioSemicarbazide (OPHPT) as inhibitor for the corrosion of mild steel in molar HCl by mass loss, potentiodynamic and polarization resistance measurements. It was found that the inhibiting effect of OPHPT increases with increase of inhibitor concentration and temperature of the corrosion medium. The adsorption of OPHPT is described by Langmuir and Freundlich adsorption isotherm. Polarization curves explained that OPHPT act as a mixed type inhibitor.  

· The influence of dimethyl sulphoxide on hydrogen permeation and corrosion inhibition of mild steel in 1 N HCl and 1 N H2SO4 using weight loss measurements gasometric studies, galvanostatic polarization studies and hydrogen permeation measurements have been carried out. It is found to perform as a mixed type corrosion inhibitor. It found to perform as a mixed type corrosion inhibitor. It found to obey Temkin’s adsorption isotherm (Madhavan et al,2001).

· Eight diazoles were investigated as corrosion inhibitors of mild steel in 1 M hydrochloric acid using gravimetric and polarization techniques. It was found that the inhibition efficiency increased with the increase of organic substrate concentration, while the adsorption followed the Frumkin isotherm. No simple correlation was found to exist between the various parameters of the electronic structure and the corrosion inhibition efficiency of these eight molecules. It is assumed that physical adsorption of the molecule is the basic reason for the corrosion inhibition (Popova et al,2004).

· The inhibitive nature of a mixture of water soluble compounds on mild steel in 0.2 M hydrochloric acid was carried out by sivakamasundari et al, (2001) using weight loss and polarization methods. The corrosion rate of mild steel decreases with increase in concentration of  the inhibitor. Polarization data show that the inhibitor behave as cathodic.

·    The corrosion of mild steel in stagnant 0.1 N HCl solution at 28 ±20c was studied by (linear polarization resistance and Tafel intercept (log) methods in absence and presence of the acid extracts of Eugeinia Jambolans (EJ) has been performed. From the change in these electrochemical parameters, it was concluded that the inhibition increased with increase in these concentration of the additive (Smitha A Verma 
   et al,1999).
·   Quraishi et al, (2000) studied the corrosion inhibition behaviour of some substituted dithiobiurets namely 1,5-diphenyl-2,4-dithiobiuret (DPDTB) ,1-tolyl -5-phenyl -2,4-dithiobiuret (TPDTB) ,1-anisidyl-5-phenyl-2,4-dithio biuret (APDTB),1-chlorophenyl-5-diphenyl-2,4-dithiobiuret (CPDTB) in 1 to 5 M HCl on mild steel. The characteristics of these compounds are explained in terms of factors such as inhibitor concentration ,acid concentration, temperature ,immersion time and molecular structure. Potentiodynamic polarization and ac impedence techniques were used to investigate the inhibition mechanism. Among the compounds studied APDTB exhibited the best performance giving more than 98 % inhibition efficiency. The adsorption of APDTB was also confirmed by Augar electron spectroscopy. 
·  Quraishi et al, (2000) studied the corrosion inhibitive performance of four substitute thioamidines on mils steel in 5 N hot HCl by using weight loss method and polarization study. The addition of KI significantly improved the inhibition efficiency of all compounds at all temperatures due to synergism. The potentiodynamic polarization studies revealed that all thioamidines are mixed type inhibitors. All compounds obeyed Temkin’s adsorption isotherm.

·  The inhibitive influence of 2,4-dinitrophenyl hydrazone of cyclohexanone on the corrosion of commercial mild steel in 1 N hydrochloric acid medium was studied by weight loss and polarization methods. The inhibitive action of 2,4-dinitro phenyl  hydrazone of cyclohaxanone is due to  surface adsorption which follows Langmuir adsorption isotherm. The polarization study revealed that the corrosion of mild steel in 1 N HCl was predominantly under anodic control in the presence and absence of the inhinbitor.(Violet Dhayabaran et al,2003).

· The effect of halide ions on the corrosion behaviour of mild steel in sulphuric axid medium by weight loss and polarization studies has been carried out. The results revealed that corrosion of mild steel is more in acid medium without halide ions. Halide ions reduce the rate of corrosion and the inhibition efficiency if found to be in the order  iodide>bromide>chloride>.(saratha et al ,2002).
· Saratha et al, (2003) evaluated a naturally occurring compound as pickling inhibitor; extract of Michalia champaca leaves were used as inhibitor in 0.5 M and 1 M sulphuric acid at various concentrations. The inhibition efficiency was found to vary with the concentration of the inhibitor as well as with the time. The acid extracts on mild steel in sulphuric acid medium were found to obey Langmuir adsorption isotherm.

· The inhibitive action of leaves (LV), seeds (SD) and a combination of leaves and seeds (LVSD) extracts of Phyllanthus amarus on mild steel corrosion in HCl and H2SO4 solutions was studied using weight loss and gasometric techniques. The results indicate that the extracts functioned as a good inhibitor in both environments and inhibition efficiency increased with extracts concentration. Temperature studies revealed an increase in inhibition efficiency with rise in temperature and activation energies decreased in the presence of the extract. A mechanism of chemical adsorption of the plants components on the surface of the metal was proposed for the inhibition behaviour. The adsorption characteristics of the inhibitor were approximated by Temkin isotherm.( Okafor et al, 2008).
· Corrosion inhibition of mild steel in 2 M HCl and 1 M H2SO4 by leaf extracts of Occimum viridis (OV) was studied using the gasometric technique at temperatures of 30 and 60 °C. The results indicate that the extracts inhibit the corrosion process in both acid media and inhibition efficiency increased with concentration. Synergistic effects increased the inhibition efficiency in the presence of halide additives namely KCl, KBr, KI. Temperature studies revealed a decrease in efficiency with rise in temperature and corrosion activation energies increased in the presence of the extract, probably implying that physical adsorption of cationic species may be responsible for the observed inhibition behaviour. (Emeka E. Oguzie,2006).
· Patchaiah Kalaiselvi et al, (2010) tested methanolic extract of Artemisia pallens as corrosion inhibitor for mild steel in 4N HCl and conc. HCl. Weight loss and polarization techniques were used for evaluating corrosion inhibition in 4N HCl, whilst weight loss, SEM and FT-IR studies were carried out in conc. HCl. The inhibition efficiency was found to increase with increase of the inhibitor concentrations due to the adsorption of the inhibitor molecules on the metal surface and the adsorption follows Langmuir's adsorption isotherm. The inhibition efficiency was found to be 93% at 1.5 g l−1 in 4N HCl and 96.5% at 40 g l−1 in conc. HCl.

· Ostovari et al, 2009 investigated the inhibitive action of henna extract (Lawsonia inermis) and its main constituents (lawsone, gallic acid, α-d-Glucose and tannic acid) on corrosion of mild steel in 1 M HCl solution through electrochemical techniques and surface analysis (SEM/EDS). Polarization measurements indicate that all the examined compounds act as a mixed inhibitor and inhibition efficiency increases with inhibitor concentration. Maximum inhibition efficiency (92.06%) is obtained at 1.2 g/l henna extract. Inhibition efficiency increases in the order: lawsone > henna extract > gallic acid > α-d-Glucose > tannic acid. Also, inhibition mechanism and thermodynamic parameters were studied.

· 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 (EIS). The corrosion inhibition efficiency increases on increasing plant extract concentration till 2400 ppm. The effect of temperature on the corrosion behaviour of mild steel in 5% and 15% HCl with addition of plant extract was studied in the temperature range 50–80 °C. Surface analysis (SEM, XPS and FT-IR) was also carried out to establish the corrosion inhibitive property of this plant extract in HCl solution. Plant extract was able to reduce the corrosion of steel more effectively in 5% HCl than in 15% HCl. The adsorption of this plant extract on the mild steel surface obeys the Langmuir adsorption isotherm.( Chauhan et al, 2007).
· Corrosion inhibition effect of Justicia gendarussa extract (JGPE) on mild steel in 1 M HCl medium has been investigated by weight loss and electrochemical techniques. Inhibition efficiency of 93% was achieved with 150 ppm JGPE at 25 °C. The polarization studies showed that JGPE acts as mixed-type inhibitor. The Nyquist plots showed that on increasing JGPE concentration, increases charge transfer resistance increases and double layer capacitance decreases. JGPE obeys the Langmuir adsorption isotherm. AFM and ESCA confirmed the adsorption of JGPE on mild steel surface. Finally, JGPE inhibition efficiency was discussed in terms of adsorption and protective film formation.( Satapathy et al,2009).
· Pandian Bothi Raja  et al, (2008) evaluated the  corrosion inhibitive effect of the extract of black pepper on mild steel (MS) in 1 M H2SO4 media  by conventional weight loss studies (303–323 K), electrochemical studies viz., Tafel polarization, ac impedance and scanning electron microscope (SEM) studies. Results of weight loss study reveal that black pepper extract acts as a good inhibitor even at high temperatures also. The inhibition is through adsorption which is found to follow Temkin adsorption isotherm. Tafel polarization method revealed the mixed mode inhibition of black pepper extract. Analysis of impedance data has been made with equivalent circuit with constant phase angle element for calculation of double layer capacitance value. 

· The inhibitor effect of the naturally occurring biological molecule caffeic acid on the corrosion of mild steel in 0.1 M H2SO4 was investigated by weight loss, potentiodynamic polarization, electrochemical impedance and Raman spectroscopy. The different techniques confirmed the adsorption of caffeic acid onto the mild steel surface and consequently the inhibition of the corrosion process. Caffeic acid acts by decreasing the available cathodic reaction area and modifying the activation energy of the anodic reaction. A mechanism is proposed to explain the inhibitory action of the corrosion inhibitor. ( De Souza et al, 2009).
· The inhibitive action of the aqueous extract of olive (Olea europaea L.) leaves toward the corrosion of C-steel in 2 M HCl solution was investigated using weight loss measurements, Tafel polarization, and cyclic voltammetry. It was found that the extract acts as a good corrosion inhibitor for the tested system. The inhibition efficiency increases with increasing extract concentration. The adsorption of extract components onto the steel surface was found to be a spontaneous process and to follow the Langmuir adsorption isotherm. It was found also that such adsorption increases the activation energy of the corrosion process. The results of cyclic voltammetry showed that the presence of olive extract decreases the charge density in the transpassive region. The inhibition efficiency is greatly reduced as the temperature is increased ( El-Etre et al, 2007)

· Okafor et al, (2007)  investigated  the inhibitive effect of ethanol extracts of Garcinia kola (EXG) for the corrosion of mild steel in H2SO4 solutions.The inhibition efficiency has been evaluated using the hydrogen evolution technique at 30-60°C. The results obtained indicate that EXG inhibits the corrosion of mild steel in acidic medium and that the inhibition efficiency increases with an increase in the concentration of ethanol extracts and decreasing temperature. The experimental data obeyed the Langmuir adsorption isotherm as well as the El-Awady et al. thermodynamic-kinetic model. 
· The extract of Datura stramonium has been studied as a possible source of green inhibitor for corrosion of mild steel (MS) in HCl and H2SO4 media at different temperatures. The anticorrosion effect was evaluated by conventional weight loss studies, electrochemical studies viz., Tafel polarization, ac impedance, and SEM studies. The studies reveal that the plant extract acts as a good inhibitor in both the acid media and better in H2SO4 medium. Tafel polarization method indicate that the plant extract behaves as a mixed mode inhibitor. The inhibitive effect may be attributed to the adsorption of the inhibitor on the surface of MS, following Temkin adsorption isotherm. Increase of inhibition efficiency with increase of temperature along with Ea values serve as a proof for chemisorption. (Pandian Bothi Raja ,2007).
· Raja et al, (2009)  evaluted the corrosion inhibition potential of Calotropis procera in sulphuric acid medium on mild steel with a view to developing green corrosion inhibitors. – Extract of the C. procera was studied for its corrosion inhibitive effect by weight loss, electrochemical, SEM and UV methods. Inhibition is through adsorption of the phytoconstituents on mild steel following Tempkin adsorption isotherm. The results of ac impedance and polarization studies correlate well with the weight loss studies. 
· Natural oil extracted from Pennyroyal  Mint (Mentha pulegium, PM) was evaluated as corrosion inhibitor of steel in molar hydrochloric acid using weight loss measurements, electrochemical polarization and EIS methods. The naturally oil was found to retard the corrosion rate of steel. The inhibition efficiency was found to increase with oil content to attain 80% at 2.76 g/L. PM oil acts as a cathodic inhibitor. The increase in temperature leads to an increase in the inhibition efficiency of the natural substance. The adsorption isotherm  of natural product on the steel has been determined. (Bouyanzer et al,2006).
· The effect of eugenol (Eug) and its derivative acetyleugenol (AcEug) extracted from the nail of giroflier on the corrosion of steel in molar hydrochloric acid has been studied using weight loss measurements, electrochemical polarisation and EIS methods. The naturally substances reduce the corrosion rate. The inhibition efficiency was found to increase with acetyleugenol content to attain 91% at 0.1737 g/l. Eugenol compounds act as mixed type inhibitors. The effect of temperature on the corrosion behaviour of steel indicates that inhibition efficiency of the natural substance increases with the rise of temperature. The adsorption of natural product on the steel is found to follow the Langmuir adsorption isotherm.( Chaieb   et al, 2005).
· N.O. Eddy et al, (2009) studied the study the effect of concentration of H2SO4 on the corrosion of mild steel and to investigate the inhibitive properties of Aloe vera for mild steel corrosion. The study also seeks to investigate the possibility of using Aloe vera as a green corrosion inhibitor for mild steel. Gasometric (Hydrogen evolution) and thermometric methods of corrosion monitoring have been adopted for the study. Ethanol extract of Aloe vera is a good inhibitor for mild steel corrosion at 303 and 333 K. The inhibitor acts by chemical adsorption isotherm. Functional groups identified in the extract are found to played dominant role in the adsorptive and inhibitive potentials of this extract. Values of inhibition efficiency obtained from gasometric and thermometric analysis were comparable.
· The inhibitive and adsorption properties of ethanol extract of Terminalia catappa for the corrosion of mild steel in H2SO4 were investigated using weight loss, hydrogen evolution, and infra red methods of monitoring corrosion. Ethanol extract of T. catappa is a good adsorption inhibitor for the corrosion of mild steel in H2SO4. The inhibition efficiency of the inhibitor increases with increasing concentration but decreases with increasing temperature. The adsorption of the inhibitor on mild steel surface is exothermic, spontaneous and is best described by Langmuir adsorption model. From the calculated values of activation energy, free energy of adsorption and the trend in the variation of inhibition efficiency with temperature, the mechanism of adsorption of the inhibitor is physical adsorption.( Nnabuk Okon Eddy et al, 2009).

·      Inhibitive and adsorption properties of ethanol extract of Colocasia esculenta for the corrosion of mild steel in H2SO4 were investigated using weight loss, hydrogen evolution and IR methods of monitoring corrosion. The results obtained indicates that ethanol extract of C. esculenta is a good inhibitor for the corrosion of mild steel in H2SO4 and its inhibitive action is attributed to its phytochemical constituents which aided its adsorption on the surface of mild steel. Calculated values of activation energy and inhibition efficiency at 303 and 333 K revealed that the mechanism of adsorption of ethanol extract of C. esculenta on mild steel surface is physical adsorption. Also the adsorption of the inhibitor on mild steel surface was found to be spontaneous, endothermic and consistent with the assumptions of Langmuir adsorption isotherm.( Nnabuk Okon Eddy et al, 2009).
·  Sethuraman et al, (2005) evaluated the corrosion inhibition potential of Datura metel in acid medium on mild steel (MS) with a view to develop green corrosion inhibitors. Acid extract of the D. metel was studied for its corrosion inhibitive effect by electrochemical and weight loss methods. Using weight loss measurement data, an attempt has been made to probe the mechanism of inhibitive action by fitting adsorption isotherms. D. metel has been found to show significant corrosion inhibitive effect in acid medium on MS. Inhibition is through adsorption of the phytoconstituents on MS following Temkin and Langmuir adsorption isotherms. The results of  AC impedance and polarisation studies correlate well with weight loss studies.
· Inhibition of the corrosion of mild steel in hydrochloric acid and sulphuric acid solutions by the extract of Murraya koenigii leaves has been studied 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 effect of temperature, immersion time and acid concentration on the corrosion behavior of mild steel in 1 M HCl and 0.5 M H2SO4 with addition of extract was also studied. 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 obeys the Langmuir adsorption isotherm.( Quraishi et al, 2009).
·    The inhibition effect of Parthenium hystophrous L extract on the corrosion of mild steel in 1N sulphuric acid has been studied at different concentrations as well as different temperatures of inhibitor by mass loss studies, adsorption isotherms, Tafel polarization and electrochemical impedance spectroscopy (EIS) between 308 and 338K. The exposed mild steel surface in the presence of inhibitor using Scanning Electron Microscope (SEM) is also studied. The corrosion rate increased with increase in temperature and decrease with increase in concentration ofinhibitor compared to blank. The adsorption of this extracts has been found to obey Tempkin and Langmuir adsorption isotherm. Polarization results reveal that the extract is a mixed type inhibitor.

   (Muhamath  et al,2009).
·  Mohd. Hazwan Hussin et al, (2010) has studied the inhibition of the corrosion of mild steel in aqueous solutions by ethyl acetate extract of Uncaria gambir containing catechin using weight loss, potentiodynamic polarisation measurements, electrochemical impedance spectroscopy (EIS) and scanning electron microscope technology with energy dispersive X-ray spectroscopy (SEM-EDX). Inhibition was found to be the highest at a concentration of 150 ppm in solutions with a pH of 5. The results obtained show that the ethyl acetate extract of U. gambir acts as a mixed-type inhibitor and could serve as an effective corrosion inhibitor of mild steel in aqueous solution.
· Ebenso et al, (2008) has been studied the corrosion inhibition of mild steel by ethanol extract of Piper guinensis (EEPG) using gravimetric, gasometric and thermometric methods. The results of the study reveals that the different concentrations of ethanol extract of Piper guinensis (EEPG) inhibit mild steel corrosion. Inhibition efficiency of the extract is found to vary with concentration, temperature and period of immersion. Values of activation energy of the inhibited corrosion reaction of mild steel are greater than the value obtained for the blank. Thermodynamic consideration reveals that adsorption of P. guinensis extract (EEPG) on mild steel surface is spontaneous and occurs according to Langmuir adsorption isotherm. 
· The inhibitor effect of tryptamine on the corrosion of mild steel in 0.5 M hydrochloric acid at 30 °C was investigated using linear polarization, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) techniques. The inhibition efficiency increases with an increase in concentration of tryptamine. At 500 ppm tryptamine the inhibition efficiency calculated by these techniques is around 97%. Cathodic and anodic polarization curves of mild steel in the presence of different concentrations of tryptamine at 30 °C reveal that it is a mixed type inhibitor. Tryptamine follows Langmuir adsorption with adsorption free energy of −35.07 kJ mol−1 ( Pongsak Lowmunkhong et al, 2010).

· The inhibition effect of Zenthoxylum alatum plant extract on the corrosion of mild steel in 20, 50 and 88% aqueous orthophosphoric acid has been investigated by weight loss and electrochemical impedance spectroscopy (EIS). Plant extract is able to reduce the corrosion of steel more effectively in 88% phosphoric acid than in 20% phosphoric acid. The effect of temperature on the corrosion behaviour of mild steel in 20, 50 and 88% phosphoric acid with addition of plant extract was studied in the temperature range 50–80 °C. Results on corrosion rate and inhibition efficiency have indicated that this extract is effective up to 70 °C in 88% phosphoric acid medium. Surface analysis (XPS and FT-IR) was also carried out to establish the mechanism of corrosion inhibition of mild steel in phosphoric acid medium.    (Gunasekaran et al, 2004).

· The inhibition of the corrosion of mild steel in hydrochloric acid solutions by extract of the leaves of Nypa fruticans Wurmb. has been studied using weight loss and hydrogen gas evolution techniques. Inhibition was found to increase with increasing concentration of the leaves extract. A first-order type of mechanism has been deduced from the kinetic treatment of the results and the process of inhibition was attributed to physisorption. The inhibition action of N. fruticans was compared with that of 1,5-diphenylcarbazone. The highest inhibition efficiency of 75.11% was observed with N. fruticans and 70.18% for DPC at 30 °C. The results obtained show that the solution extract of the leaves of N. fruticans could serve as an effective inhibitor of the corrosion of mild steel in hydrochloric acid media.  (Orubite et al, 2004).

· The stability, durability and efficiency of the acid extracts of leaves of Emblica Officinalis (EOL) and Nyctanthes arbortristis (NAL) as mild steel corrosion inhibitors in 1 N HCl medium have been studied using weight loss method. Stability of the extracts were evaluated under room temperature and refrigerated condition. Inhibition efficiencies of the plant extracts EOL and NOL have also been compared with that of commercial inhibitor VpCl 429 (Saratha et al,2009).
· K.S.Parikh et al,(2004) studied the effect of inhibition of natural compounds Onion (Allium cepa), Garlic(Allium sativum) and Bitter gourd (Momordica charantia) on the corrosion of mild steel in 5 % HCl. Three D.C electrochemical techniques , (a)  Tafel extrapolation ,(b) Resistance polarization and (c)Vicor method were used. The linear plot relating logarithm corrosion rate and logarithm degree of coverage of inhibitor confirmed that Freundlich adsorption equation is applicable and supported the mechanism of inhibition as being chemisorption.
· The inhibition efficiency of acid extract of leaves of Citrus aurantiifolia (CAL) plant on the corrosion of mild steel in 1 M HCl was investigated by weight loss measurements and electrochemical studies theoretical fitting of different isotherms., Langmuir, Temkin, Freundlich, Frumkin, Flory-Huggins and the kinetic thermodynamic model ,were tested to clarify the nature  of adsorption. Polarization curves reveals that this inhibitor act as  a mixed type inhibitor and the inhibition efficiency of up to 97. 91 % can be obtained. The surface analysis study confirms the  corrosion of mild steel and and its inhibition by the inhibitor CAL  (saratha et al ,2009).

· The effect of rosemary oil on the corrosion of steel in trimolar hydrochloric acid is studied using weight loss measurements and electrochemical polarization methods. The inhibition efficiency increases with rosemary oil concentration. The effect of temperature on the corrosion behavior of steel indicate that inhibition efficiency of the natural substances decreases with the rise in temperature. The adsorption of rosemary oil on the steel is found to follow the Frumkin adsorption isotherm ( Chaieb et al,2004).

· Zerga et al,( 2009) tested the effect of Laveder oil on the corrosion inhibition of mild steel in 1 M HCl. The inhibiting effect was studied by weight loss measurements, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) methods. Polarization measurements show that lavender oil essentially act as a cathodic inhibitor.

MATERIALS AND METHODS

3. MATERIALS AND METHODS

                     Acids are widely used in various technological processes in different field of industry, which may sometimes lead to have a destructive effect. So inhibitors are generally used to reduce the metal attack by acid. For any experiment, methods and materials are of very important since they are the aspects which decide and determine the overcome of the research. So, selecting the methods and materials is vitally important for the production of good results and hence the methods and materials were used for the achievement of desired objectives.

                       There are many trials to investigate the use of natural products as corrosion inhibitor for mild steel in acidic medium. The importance of natural products used as natural products are, it is cheap, non toxic and eco -friendly. The present work is to evaluate the inhibition efficiency of Bauhinia purpurea as corrosion inhibitor in 1M HCl solution. This chapter includes selection of sample, preparation of the specimen, test media, inhibitor selection and preparation of Bauhinia purpurea leaves extract.

 3.1 SELECTION OF THE SAMPLE

                     Iron and its alloys are remarkable economic and attractive materials for engineering applications owing to its low cost, light weight, high thermal and electrical conductivity. The interest of the materials arises from their importance in recent civilization. Since it suffers from severe corrosion in aggressive environment, it has to be protected. Therefore among materials, mild steel is selected as sample for this study.

3.2 PREPARATION OF THE SAMPLE

            Mild steel coupons of area 5x 1cm2 were sheared from the sheet of cold rolled mild steel, which is commercially available in the market. Holes were drilled on the center of one end of the coupons for suspension. These coupons were polished, degreased, cleaned and washed with distilled water and stored in a dessicator. The elemental analysis was carried out using vacuum emission spectrometer DV-4 and the composition of the sample is given in Table 1.

   3.3 TEST MEDIA

                    Among the different acids that are commercially available in the local market, the most frequently used is HCl, which is employed for the removal of unwanted scales and rust. Hence the study, of corrosion of mild steel in acid medium and its inhibition is of much interest and it has gained great importance in the field of engineering and industries involving electrochemical process. Hence the present experiment is carried out in 1M HCl solution.

 TABLE 1        ELEMENTAL ANALYSIS OF MILD STEEL
	S.No
	      Element
	Chemical    composition  %

	1
	Carbon
	   0.176

	2
	Manganese
	   0.431

	3
	Silicon
	   0.000

	4
	Phosphorus
	   0.030

	5
	Sulphur
	   0.029

	6
	Chromium
	   0.006

	7
	Molybdenum
	   0.023

	8
	Nickel
	   0.005

	9
	Iron
	    99.3


  3.4 SELECTION OF THE INHIBITOR

           The choice of the inhibitor is based on the consideration like non expensive, possess no threat to the environment, less toxic and easy availability. Many experiments were conducted to examine some naturally occurring substances as corrosion inhibitor for different metals in various environments. So in order to find out the naturally occurring materials, which are eco-friendly, the leaves of Bauhinia purpurea as a possible corrosion inhibitor is selected for the study.

  3.5 PREPARATION OF THE EXTRACT

           The leaves of Bauhinia purpurea collected from Avinashilingam Deemed University campus, Coimbatore, were shade dried and powdered. The extract was prepared by refluxing 25 g dry powder of the leaves in 500 ml of 1M HCl for three hours and kept overnight. Next day it was filtered and the filtrate volume was made up to 500 ml using the same acid. This was taken as stock solution for further dilution.

   3.6 EQUIPMENTS AND TECHNIQUES USED 

Equipments 

· Denver –220 Digital balance.
· Thermostat

· Solartron-1280 B.

  Techniques 

       The efficiency of inhibitor selected for the study is evaluated using,

i. Weight loss method

ii. Linear polarization technique.

iii. Electrochemical impedance spectroscopy.

 3.7 WEIGHT LOSS METHOD

          Weight loss method is most commonly used for measuring corrosion resistance. This non- electrochemical method is simple and gives  and accurate information than any other method. Weight loss tests were done at room temperature and at higher temperature

Experiment at room temperature: 

              Mild steel specimens were weighed accurately in M – 220 D Denver instrument and fully immersed in 100 ml of 1 M hydrochloric acid for different time intervals (Fig 2). Test specimen was removed, dipped in sodium bicarbonate solution for neutralization of residual acid remaining in the specimen.If this treatment is not given then rapid rust formation take place because of residual acid, which will interfere with the study. And then washed with distilled water dried and reweighed. The loss in weight was determined in triplicate and the results were averaged.

Concentration of the inhibitor: 

0.5% (v/v), 1% (v/v), 2% (v/v), 3% (v/v), 4 % (v/v) and 5 % (v/v).

Time intervals:

1/2h, 1h, 3h, 5h, 7h, 12h, 24h and 48 h.

Experiment at higher temperature

      To find out the inhibitive effect of the inhibitor for preventing boiler corrosion the experiment was carried out at higher temperatures. The thermostat was set to the temperatures at 303,313, 323, 333, 343 K±2 and the experiment was carried out as a done at room temperature for a period of half an hour with the same concentrations of the inhibitor in 1 M HCl.

FIGURE 2

WEIGHT LOSS METHOD
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  3.7.1 DETERMINATION OF CORROSION RATE
       Many expressions are used to express the rate of corrosion. The widely used one is mils per year. The rate of corrosion was calculated using the formula,
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               Corrosion rate (CR)     =  534  x W         mpy 


                                                 DAT

Where, W is the weight loss in mg

             D is the density of the specimen in gm/cm2

                   A is the area of the specimen in inch2

             T is the exposure of time in hours.
3.7.2 DETERMINATION OF INHIBITION EFFICIENCY

         The inhibition efficiency was obtained from the following formula,
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I.E (% ) =  WO – W         x   100

                                                            WO

Where I.E = Inhibition efficiency in percentage

           WO= Corrosion rate in absence of the inhibitor

            W = Corrosion rate in presence of the  inhibitor

For various concentrations of the inhibitor the value of inhibition efficiency also varies accordingly.

3.7.3 SURFACE COVERAGE:

            The degree of surface coverage ( for different concentrations of the inhibitor has been evaluated from weight loss experiment using the following equation.

                                      (   =            WO - W
WO                              

                 Where  (   = surface coverage

        WO= Corrosion rate in absence of the inhibitor
         W = Corrosion rate in presence of the inhibitor

3.8 DETERMINATION OF ACTIVATION ENERGY(Ea) AND THERMODYNAMIC PARAMETERS  

3.8.1 ACTIVATION ENERGY (Ea)

                The activation energy for different concentrations of the inhibitor at various temperatures was determined by plotting log corrosion rate Vs 1/T. From the slope, the activation energy Ea was calculated by using the formula,

                                   Ea  = -2.303 x R x slope
              Where R is the Universal gas constant.(8.314 Joules/mole).

3.8.2 CHANGE IN FREE ENERGY OF ABSORPTION ((G0 ads):

           The change in free energy of absorption various concentration of the inhibitor for different temperatures was calculated using the formula,

                     -(G = 2.303 x R x T(1.74+log  ( (/1- () –log C) KJ/mole
               Where  (G = Free energy of absorption
               R  = Universal gas constant.(8.314 Joules/mole).

               T  = Temperature in Kelvin

           1.74 = Conversion factor  

3.8.3  FREE ENERGY OF ENTHALPY ((Ho) AND FREE ENERGY OF ENTROPY ((S0)

       The free energy of enthalpy ((H0) and free energy of entropy ((S0) can be calculated from the values of free energy of activation ((Goads) by Gibb’s – Helmontz equation.

((Go) =  ((Ho)  - T((So)

    by plotting ((Go) Vs  T gives the slope -(So (free energy of entropy) and intercept -  (Ho( free energy of enthalpy.).

3.8.4 HEAT OF ADSORPTION  (Qads )

              Qads  = 2.303 R [ log((2 /1- (2) – log((1 / 1- (1)] [T1 X T2/ T2 – T1 ]

       Where  T1 = Initial  temperature
             T2   = Final temperature
             (1 = Surface coverage at Initial  temperature
                    (2 = Surface coverage Final temperature

3.9 ADSORPTION ISOTHERMS 

      Many organic inhibitors work by an adsorption mechanism. The resultant film of chemisorbed inhibitor is responsible for protection either by physically blocking the surface from the corrosion environment or by retarding the electrochemical processes. The phenomenon of interaction between the metal surface and the inhibitor can better be understood in terms of adsorption isotherm. The various adsorption isotherms used for the present study are given below.

Langmuir isotherm – plot of log (/1-(    Vs log c

Temkin isotherm - ( Vs log C

Freundlich isotherm – log ( Vs log C

Frumkin isotherm  - I.E Vs log C

      3.10 POLARIZATION TECHNIQUES

Polarization Technique

                A frequency response analyzer  1280 B (Solartron) (Fig 3) and an IBM personal computer which automatically controls linear polarization and Tafel polarization was used for the polarization study. The data were analyzed using computer software.

                    The cell for the polarization studies was a glass beaker containing the aerated unstirred test solution with a  platinum electrode as a counter electrode, a saturated calomel electrode as reference electrode and the mild steel stripes of same composition (as in the weight loss method) coated with lacquer with an exposed area of 1 cm2 was used.

Procedure : 
               100 ml of  1M HCl was taken in an electrochemical cell (Fig 3). The polished electrode was then introduced. The electrode was placed at 0.8 mV to its open circuit potential. Thus the potential was scanned at -0.2 m V/sec towards the anodic direction in the Tafel extrapolation. An applied potential Vs current was plotted and an extrapolation of linear portion to the corrosion potential gives the corrosion current. In anodic and cathodic plot, the slope of the linear portion gives Tafel constants ‘ba’ and ‘bc’ respectively.                          

FIGURE 3

POLARIZATION METHOD

    

3.10.1 DETERMINATION OF INHIBITION EFFICIENCY (IE)

a) I E =     Icorr  - Icorr (I)         x 100

                                                       Icorr

          Where  Icorr = corrosion current in the absence of the inhibitor

               Icorr (I)     =     corrosion current in the presence of the inhibitor

(b) LPR (Linear Polarization Resistance) method

                                         I.E (%)   =  Rp(inh)  -    Rp(blank)     x 100

                                      Rp(inh)
Where Rp(inh)   is the polarization resistance in the presence of inhibitor .        
            Rp(blank)  is the  resistance in the absence of inhibitor   
                  According to the Stern – Geary equation, the step of the linear polarization plot are substituted to get corrosion current.

                                   Icorr   =  ba  x  bc            1             

                                            2.303 (ba+bc)  Rp
 Where Rp is the polarization resistance.
   3.10.2 Impedance studies:

            Impedance measurements were carried out at each corrosion potential. An ac sin wave of 10 mV amplitude was applied to the electrode. The frequency, which is varied from 10 KHz to 100 KHz, was superimposed at the open circuit potential. The results are presented in the form of Nyquist and Bode plots. All the measurements were presented in the corrosion potential. 

                           In Impedance method, the charge transfer resistance (Rct) is obtained from the polt of z’ Vs Z’’ (real part Vs imaginary part; Nyquist polat). The value  (Rp + Rs) corresponds to the points where the plots cut Z-axis to the point where the semicircle cuts the Z-axis at the high frequency. The difference gives the Rp values, which were substituted in the Stern – Geary equation to get Icorr,

Icorr   =        ba  x  bc
                                                       2.303 (ba+bc) Rct   

The ba and bc values where experimentally obtained as mentioned in the case of linear polarization of each system.

4. RESULTS AND DISCUSSION
                     The protective efficiency of environment friendly plant material of Bauhinia Purpurea leaves for the corrosion of mild steel in acid medium was evaluated through various techniques. The results obtained are tabulated the graphs are plotted and discussions are done on the objectives set forth.

4.1 WEIGHT LOSS METHOD: 

                      Factors affecting the inhibition efficiency of the inhibitor on corrosion of mild steel in 1M HCl solution.

4.1.1. EFFECT OF CONCENTRATION:

                     The values of inhibition efficiency obtained from weight loss measurements for mild steel in 1M HCl solution containing different concentrations [ranging from 0.5 to 5 % (v/v)] of extract of Bauhinia Purpurea are listed in Table 2. From the table it is clear that the inhibition efficiency increases with increase in concentration of the inhibitor for all immersion period. It is noted that the maximum efficiency of 93.52 % is reached at 5 % (v/v) of the inhibitor for the immersion period of 3 hour. Figure 4 shows the variation of inhibition efficiencies of BPL on corrosion of mild steel in 1M HCl solution for different concentrations. The increase in IE with increase in concentration suggests that increase in the inhibitor concentration increases the number of phytochemical constituents adsorbed over the mild steel surface, blocks the active sites in which direct acid attack proceed and protects the metal from corrosion.

4.1.2. EFFECT OF IMMERSION PERIOD:

                     To investigate the effect of inhibitor with exposure time, experiments were carried out at various time intervals (1/2 h, 1 h, 3 h, 5h, 7 h, 12 h, 24 h and 48 h) in the absence and in the presence of various concentration of the BPL extract.

                      Table 2 also reveals the fact that, for all the con concentration of the inhibitor, the inhibition efficiency increased from ½ hour to 3 hour period of immersion of MS in the corrosive medium [ 72.29 % to 78.59 % for 0.5%(v/v), 78.88 % to 84.40 % for 1 %(v/v), 83.39 % to 87.62% for 2%(v/v), 84.95% to 91.65 % for 3%(v/v), 85.08 % to 92.96% for 4% (v/v) and 87.85% to 93.52% for 5%(v/v)]. After 3 hour period of immersion, there is a decrease in the inhibition efficiency with time, but the decrease in inhibition efficiency in not significant.

                     The decrease in IE with time may be due to the desorption of the adsorbed constituents from the metal surface, there by exposing the metal surface to corrosive medium.

4.1.3. EFFECT OF TEMPERATURE:

                   To verify the nature of adsorption, the effect of temperature on the corrosion behaviour of mild steel in presence of inhibitor was studied using weight loss technique at various concentrations at  different temperatures (303, 313 ,323, 333, 343 +- 2k) for a fixed immersion time of ½ hr. The increase in temperature increase the rate of corrosion since it reduces the time lag between the adsorption and desorption of the inhibitor thus reducing the total coverage area (θ). 

                The data in Table 3 indicates that inhibition efficiency increases with raise in temperature. There is a progressive increase in weight loss as the temperature is increased from 303 K to 323 K. This signifies that the dissolution of the metals increased at higher temperatures. After 323K the corrosion rate decrease and then increases, this irregular trend may be due to the time lag between adsorption and desorption of the inhibitor molecules. However the inhibition efficiency is maximum at 323 K after which there is a decrease in efficiency. The decrease in efficiency may be due to the desorption of inhibitor molecules from the metal surface. This suggests that phytoconstituents of the green inhibitors adsorb on the MS surface, form a protective layer and shield the metal from corrosion. Hence, the inhibitor could be effectively used up to 323K, the maximum efficiency being 88.98% for 313K and 88.34% for 323K.  However the extract can be used as inhibitor effectively over the temperature range studied at higher concentration of the extract.

                     Figure 5 show the change in IE with temperature for various concentrations of the inhibitor for corrosion of mild steel in 1M HCl solution.

4.2 THERMODYNAMIC PARAMETES:

                    Thermodynamic parameters are essential to explain the role of inhibitors in bringing down the corrosion rate of mild steel in acid medium. Various parameters such as Activation energy (Ea), Free energy of adsorption (∆G0 ads), Enthalpy of adsorption (∆H) and entropy of adsorption are calculated and are given in Table 4.

4.2.1 ACTIVATION ENERGY: 

                     A plot of log corrosion rate obtained by weight loss measurement versus 1/T gave a straight line as shown in Figure 6. The values of activation energy Ea obtained from the slope of the lines are given on Table 4.

                     Calculated values of Ea ranged from 49.69 to 62.83 KJ/mol, these values are less than the threshold value of 80KJ/mol required for chemical adsorption, and hence the adsorption of acid extract BP on mild steel supports the mechanism of physical adsorption. The data shows that activation energy (Ea) values for inhibited system are higher than those of inhibited system indicates that the inhibition probably occurs via formation of a physisorbed monolayer on the metal surface.

4.2.2 FREE ENERGY OF ADSORPTION ((∆G0ads), Enthalpy (∆H) and entropy (∆S):

                        In the present study the low and negative value of (-10.468 to -14.829) ∆G0(ads) shown in Table 4 indicated the spontaneous adsorption of inhibitor on the surface of the mild steel,  ∆G0(ads) values are less than -20 KJ/ mol, which show physical adsorption of inhibitors on the metal surface. It also suggests the strong interaction of inhibitors molecules on to the mild steel surface.

                       The values of ∆H given in Table 4 are negative, negative ∆H shows that the adsorption process is exothermic in nature.

                       From Table 4 the change in entropy ∆S was found to be greater than zero, this indicates that the reaction is irreversible. It is clear that, the complete desorption of the inhibitor is not possible.

                      The values of heat of adsorption were calculated and given in Table 5. From table it is evident that the Q(ads) values are negative at higher temperature i.e. 323K. The negative Q(ads) value shows that the adsorption decreases with rise in temperature.

4.3 ADSORPTION ISOTHERMS:

                      Organic molecules are used to inhibit corrosion as they get adsorbed on the metal solution interface. The adsorption depends on the chemical structure of the inhibitor, chemical composition of the solution, nature of the metal surface, temperature and electrochemical potential at the metal solution interface. The adsorption provides information about the adsorbed molecules themselves as well as their interaction with the metal surface. The values of surface coverage (θ) corresponding to different concentration of inhibitor are used to obtain the best adsorption isotherm.

                    The θ values for different concentration were tested by fitting various isotherms such as Langmuir, Freundlich and Temkin.

4.3.1 LANGMUIR ISOTHERM:

                   A plot of log (θ/1- θ) vs log C Figure 7 shows a straight line indicating that adsorption follows the Langmuir adsorption isotherm. It is observed that although these plots are linear, the gradients are never units, contrary to what is expected for ideal Langmuir adsorption isotherm equation, it is assumed that there are no intermolecular interactions between the adsorbate molecules. But in practice organic molecule having polar atoms or groups which are adsorbed on the metal surface may interact by mutual repulsion or attraction and this may be advocated as the reason for the departure of the slope values from unity.

4.3.2 TEMKIN ISOTHERM:

                 A plot of θ against loc C gave almost a straight line (Figure 8), which indicated that the inhibition action obeyed Temkin adsorption isotherm.

4.3.3 FREUNDLICH ISOTHERM:

                The plots of log θ vs log C shown in Figure 9. The linearity shows that the adsorption of the inhibitor on mild steel follows Freundlich isotherm.

4.4 POTENTIODYNAMIC POLARIZATION STUDIES:


                        The potentiodynamics polarization behaviour of MS in 1M HCl with the addition of various concentrations of BPL is shown in Figure 10. The electrochemical parameters such as corrosion potential (Ecorr), corrosion current density (Icorr), anodic and cathodic Tafel slopes (ba and bc ) derived from these curves are given in Table  6.

                          From Table, it is clear that the Icorr values gradually decreased with increase in the concentration of the extract. Further there was anodic shift of the Ecorr value of -482 mv to -470 mv with increasing concentration of the BPL extract indicating that with the Bauhinia Purpurea leaves, the corrosion potential moved slightly in the noble direction. This was supported by the gradual and significant decrease of anodic and cathodic Tafel slopes. 

                     Table 6 shows no change of Ecorr from -482 mv, SCE, when 2 % (v/v) of the extract in 1M HCl was taken. The steady values of Ecorr indicated that the extract might have pre-dominantly acted as mixed – inhibitor to retard both the rates of H ion reduction and anodic dissolution of mild steel. Later on, with increase in extract concentration from 2 % (v/v) to 3 % (v/v) and 5 % (v/v), the Ecorr value were shifted to  -472 mv and -470 mv, SCE showing that the rate of the anodic dissolution was probably gradually decreased. Addition of the inhibitors lowers the Icorr values significantly and this indicates the inhibitor act as a mixed type inhibitor. The mixed behaviour of the inhibitor is evident from the polarization curve (figure 10). The values of Icorr were found to decrease from the blank value of 1.806 µA cm-2   to 0.749, 0.495, 0.259, 0.215 µA cm-2 for 0.5, 2, 3 and 5 % (v/v) concentration of the extract, hence showing the decrease in corrosion rate with increase in extract concentration.

                     In all concentrations bc is greater than ba suggesting that though the inhibition is under mixed control, the effect the inhibitor on the cathodic polarization is more pronounced than on the anodic polarization. The value of IE increased with increase in concentration of inhibitor, which indicates higher surface coverage of the metal.

4.5 IMPEDANCE MEASURMENTS:    

                     The Nyquist plots of the impedance behaviour of MS in 1M HCl in the presence of various concentrations of green inhibitor is shown in Figure 11. Impedance parameters like charge transfer resistance (Rct), double layer capacitance (Cdl) are given in table 7. The impedance diagrams are almost semicircular. The slightly depressed nature of semicircle is the characteristic for solid electrodes. From the table it is obvious that Rct values increase with increase in the inhibitor concentration, while Cdl values decreases. The decrease in the Cdl values is due to the adsorption of phyto-chemical constituents present in the extract on mild steel surface which results in increase in thickness of electrical double layer. Bauhinia Purpurea shows maximum inhibition efficiency of 96.35 % at the maximum concentration 5 %. 

              Impedance diagrams obtained for mild steel in 1M HCl in the presence of various concentrations of the inhibitor are represented the Bode form in Figure 12 .

4.6 COMPARISON OF INHIBITION EFFICIENCY BY ELECTROCHEMICAL   AND NON- ELECTROCHEMICAL  METHODS:

                      The inhibition efficiency obtained from different methods (weight loss and polarization methods) is shown in Table 8.The inhibition efficiencies obtained from the chemical method are different in magnitude from those obtained from the electrochemical methods but the trend of increase in inhibition efficiency with concentration of the extract is same in both the methods. The differences can be attributed to the fact that the weight loss method gives average corrosion rates. Whereas electrochemical methods gives instantaneous rates. These differences may also be expected to arise because of the difference in time required to form an adsorbed inhibitor layer on the metal surface that is capable of inhibiting corrosion.

4.7 MECHANISM OF CORROSION INHIBITION:

                     The acid extracts investigated in the study are organic in nature. Phytochemical screening shows the presence of saponins, steroids , flavonoids, alkaloids, tannins and their structures are given below: 

1. STERIODS:
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2. FLAVONOIDS:
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3. SUGURS:
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4. TANNINS consist mainly of gallic acid residues that are linked to glucose via glycosidic bonds. 
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5. ALKALOIDS:
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                               The choice of the inhibitors was based on the fact that these compounds contains heteroatom such as N,O and S which involve greater adsorption of the inhibitor molecules on to the metal surface of mild steel.

                       The effectiveness of a compound as corrosion inhibitor depends on its structure. The probable mechanism can be explained on the basis of adsorption process and structure of the constituents present in the extract. It is appear from the molecular structure that the compounds are able to adsorb on the metal surface through the lone pair of electrons of N- and O- atom and the Π electrons of the benzene ring. Thus a single molecule attaches itself to the metal surface at several places. The aromatic compounds with large cross sectional areas are able to pack close enough to make an impervious covering of the metal.

TABLE 2: INHIBITION EFFICIENCY OF BPL ON CORROSION OF MILD STEEL IN 1 M   HCl SOLUTION AT ROOM TEMPERATURE

	Conc % (v/v)
	INHIBITION EFFICIENCY ( %)

	
	1/2h
	1 h
	3 h
	5 h
	7 h
	12 h
	24 h
	48 h

	0.5
	72.29
	77.56
	78.59
	75.98
	75.89
	75.75
	78.72
	61.38

	1
	78.88
	82.80
	84.40
	83.41
	81.41
	81.45
	84.44
	72.50

	2
	83.39
	87.99
	89.26
	87.62
	86.85
	85.77
	86.42
	80.95

	3
	84.95
	88.99
	91.65
	90.22
	89.35
	88.28
	88.94
	82.97

	4
	85.08
	90.40
	92.96
	91.69
	90.63
	89.79
	90.69
	86.39

	5
	87.85
	91.17
	93.52
	92.65
	91.59
	90.07
	90.91
	87.17


TABLE 3: CORROSION RATE AND INHIBITION EFFICIENCY OF BPL FOR CORROSION OF MILD STEEL IN 1 M   HCl  AT DIFFERENT TEMPERATURES

	CONC.

(V/V %)
	                              TEMPERATURE IN KELVIN

	
	    303 
	   313 
	    323 
	     333 
	     343 

	
	 CR(mpy)
	IE(%)
	CR(mpy
	IE(%)
	CR(mpy
	IE(%)
	CR(mpy
	IE(%)
	CR(mpy
	IE(%)

	Blank
	2354.04
	 -
	   3165.44
	 -
	13381.42
	 -
	11794.03 
	 -
	21313.12
	  -

	0.5
	652.39
	72.29
	1204.32
	61.95
	4087.08
	69.46
	5128.5
	56.52
	11219.52
	47.36

	1
	497.15
	78.88
	922.78
	70.85
	3452.13
	74.20
	3759.14
	68.13
	8873.67
	58.36

	2
	391.00
	83.39
	584.37
	81.54
	2521.8
	81.15
	2600.01
	77.95
	6180.34
	71.002

	3
	354.37
	84.95
	462.26
	85.39
	1802.21
	86.53
	2391.98
	79.72
	5871.58
	72.45


	4
	351.14
	85.08
	451.79
	85.73
	1729.55
	87.07
	2313.90
	80.38
	5227.91
	75.47

	5
	286.08
	87.85
	348.90
	88.98
	1560.35
	88.34
	1897.45
	83.91
	4660.12
	78.13


	Conc %

(V/V)
	Ea

KJ/mol
	FREE ENERGY OF ADSORPTION (-ΔG) KJ/mol
	HEAT OF 

ADSORPTION  -∆H KJ/mol
	ENTROY CHANGE ∆S J/mol

	
	
	303
	313
	323
	333
	343
	
	

	Blank
	49.69
	-
	-
	-
	-
	-
	
	

	0.5
	61.85
	     14.25
	13.50
	14.82
	13.73
	13.10
	20.57


	0.0207

	1


	62.14
	13.41
	12.73
	13.59
	13.19
	12.39
	18.20


	0.0159

	2
	60.73
	12.41
	12.49
	12.82
	12.67
	12.00
	14.54


	0.0064

	3
	62.67
	11.68
	12.16
	12.80
	11.84
	11.05
	17.04


	0.0159

	4
	60.79
	10.98
	11.48
	12.16
	11.16
	10.67
	14.34


	0.0094

	5
	62.83
	11.02
	1167
	11.87
	11.21
	10.46
	16.34
	0.0158


TABLE 4: ACTIVATION ENERGY (Ea) AND THERMODYNAMIC PARAMETERS FOR CORROSION OF MILD STEEL IN 1 M HCl IN PRESENCE OF BPL EXTRACT

	Conc % (v/v )
	HEAT OF ADSORPTION (KJ/ mol)

	
	T1 = 303

T2 =313

 
	T1 = 313

T2 = 323
	T1= 323

T2 = 333
	T1 = 333

T2 = 343

	0.5
	37.18
	28.103
	-50.035
	-22.896

	1
	33.88
	14.147
	-26.531
	-40.098

	2
	10.09
	2.161
	-17.622
	-34.883

	3
	27.34
	7.945
	-43.927
	-35.411

	4
	41.13
	9.594
	-44.447
	-27.199

	5
	87.06
	5.353
	-33.404
	-35.929


TABLE 5: HEAT OF ADSORPTION  Q(ads)  FOR CORROSION OF MILD STEEL IN IM HCl IN PRESENCE OF BPL AT DIFFERENT TEMPERATURES  

TABLE 6: POLARIZATION PARAMETERS FOR MILD STEEL IN 1 M HCl IN PRESENCE OF VARIOUS CONCENTRATIONS OF BPL EXTRACT

	Conc.

 % (v/v)


	   Ecorr

mV (SCE)
	Icorr
(μA cm-2 )
	ba  (m V/ dec)
	bc ( m V/dec)
	I E (%)
	Rp (Ω)
	I E (%)

	Blank
	-482
	1.806
	235.9
	278.73
	    - 
	3.4045
	   - 

	0.5
	-478
	0.749
	177.96
	217.49
	60.22
	6.408
	46.87

	2
	-482
	0.495
	179.34
	198.77
	72.58
	9.4032
	63.79

	3
	-0472
	0.2596
	146.42
	174.96
	85.63
	14.334
	76.25

	5
	-470
	0.2154
	135.81
	165.99
	88.07
	16.707
	79.622




TABLE 7:  IMPEDENCE PARAMETERS FOR THE CORROSION OF MILD STEEL IN 1M HCl CONTAINING DIFFERENT CONCENTRATIONS OF BPL EXTRACT 

	Conc (v/v %)
	Rct (Ω)
	Cdl (Farads) μFcm-2
	IE (%)

	Blank
	3.991
	81.8
	       - 

	0.5
	22.562
	248
	82.31

	2
	47.376
	176
	91.57

	3
	108.3
	141
	96.35

	5
	109.4
	125
	96.32


TABLE 8: COMPARISON OF INHIBITOR EFFICIENCY BY ELECTROCHEMICAL AND NON-ELECTROCHEMICAL METHODS

	Conc  % (V/V)
	WEIGHT LOSS 

( for ½ hr )
	POLARIZATION

	
	
	LPR
	TAFEL
	IMPEDANCE

	0.5
	72.29
	60.22
	46.87
	82.31

	2
	83.39
	72.58
	63.79
	91.57

	3
	84.95
	85.63
	76.25
	96.32

	5
	87.85
	88.07
	79.622


	96.35


FIGURE 4:  

               VARIATION OF INHIBITION EFFICIENCY OF BPL ON CORROSION OF MILD STEEL IN 1 M   HCl SOLUTION AT ROOM TEMPERATURE
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FIGURE 5:

             VARIATION OF INHIBITION EFFICIENCY OF BPL FOR CORROSION OF MILD STEEL IN 1 M   HCl AT DIFFERENT TEMPERATURES
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FIGURE 6:

                 ARRHENIUS PLOTS FOR MILD STEEL DISSOLUTION PROCESS IN 1M HCl IN PRESENCE OF BPL EXTRACT
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FIGURE 7:

           LANGMUIR ADSORPTION PLOTS FOR THE ADSORPTION OF BPL IN 1M HCl AT DIFFERENT TEMPERATURES
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FIGURE 8:  

         TEMKIN ADSORPTION ISOTHERM MODEL FOR BPL IN 1M HCl ON THE SURFACE OF MILD STEEL
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FIGURE 9:

                  FREUNDLICH ADSORPTION ISOTHERM MODEL FOR BPL IN 1M HCl ON THE SURFACE OF MILD STEEL
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FIGURE 10:

              POTENTIODYNAMIC POLARIZATION CURVES OF MILD STEEL IN THE PRESENCE OF BPL EXTRACT IN 1M HCl SOLUTION 
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FIGURE 11:

IMPEDANCE CURVES OF MILD STEEL IN THE PRESENCE OF BPL EXTRACT IN 1M HCl SOLUTION  
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FIGURE 12:

               BODE PLOT OF MILD STEEL IN THE PRESENCE OF BPL EXTRACT IN 1M HCl SOLUTION
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5. SUMMARY AND CONCLUSION

                 The present study leads to the following conclusions.

· Bauhinia Purpurea is a good inhibitor for the corrosion of mild steel in 1M HCl solution.

· The active molecules present in the extract of Bauhinia Purpurea leaves have effectively inhibited corrosion of mild steel in 1M HCl at various temperatures by forming a protective barriers layer.

· The inhibition efficiency of the extract increased gradually with increase in its concentration. Maximum inhibition efficiency was found to be 93.52 % at a concentration of 5 % (v/v) of the inhibitor.

· The time of immersion influenced the inhibition efficiencies, which is proved by the change in inhibition efficiency with time. The time for maximum efficiency was found to be 3 hours.

· The extracts under study resist corrosion at elevated temperature. Temperature for maximum inhibition efficiency being 323 K.

· The inhibitor obey Temkin ,Langmuir and Freundlich isotherm in HCl medium. Thermodynamic parameters obtained from the present study, indicate the spontaneous adsorption of inhibitors on the surface of mild steel, which is exothermic in nature.

· Polarization measurements have shown that the extract of Bauhinia Purpurea leaves has acted as a mixed-type inhibitor.

· Inhibition may be due to the physical adsorption of the plant constituents on the mild steel surface. 

· Electrochemical techniques (polarization and impedance) give the result in the same trend as the weight loss method.

· The inhibitor can be adsorbed on the metal surface through oxygen atom and /or nitrogen atom of the constituents present in the extract.

SUGGESTIONS:  
· The same study can be extended by changing the aggressive medium and metal.

· Industrial testing is necessary to find its utility in the field.

· Stability and durability of the extract as inhibitor can be studied. 
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								Blank		303														0.5%(v/v)		1%( v/v)		2%(v/v)		3%(v/v)		4%(v/v)		5%(v/v)

								0.5		72.29		61.95		69.46		56.52		47.36				303		72.29		78.88		83.39		84.95		85.08		87.85

								1		78.88		70.85		74.2		68.13		58.36				313		61.95		70.85		81.54		85.39		85.73		88.98

								2		83.39		81.54		81.15		77.95		71.002				323		69.46		74.2		81.15		86.53		87.07		88.34

								3		84.95		85.39		86.53		79.72		72.45				333		56.52		68.13		77.95		79.72		80.38		83.91

								4		85.08		85.73		87.07		80.38		75.47				343		47.36		58.36		71.02		72.45		75.47		78.13

								5		87.85		88.98		88.34		83.91		78.13

										1/2h		1h		3h		5h		7h		12h		24h		48h

								0.5		72.29		77.56		78.59		75.98		75.89		75.75		78.72		61.38

								1		78.88		82.8		84.4		83.41		81.41		81.45		84.44		72.5

								2		83.39		87.99		89.26		87.62		86.85		85.77		86.42		80.95

								3		84.95		88.99		91.65		90.22		89.35		88.28		88.94		82.97

								4		85.08		90.4		92.96		91.69		90.63		89.79		90.69		86.39

								5		87.85		91.17		93.52		92.65		91.59		90.07		90.91		87.17





Sheet1

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



0.5%(v/v)

1%( v/v)

2%(v/v)

3%(v/v)

4%(v/v)

5%(v/v)

TEMPERATURE

IE

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0



1/2h

1h

3h

5h

7h

12h

24h

48h

CONCENTRATION

IE

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		





		






_1334044676.xls
Chart3

		-0.3010299957		-0.3010299957		-0.3010299957		-0.3010299957		-0.3010299957

		0		0		0		0		0

		0.3010299957		0.3010299957		0.3010299957		0.3010299957		0.3010299957

		0.4771212547		0.4771212547		0.4771212547		0.4771212547		0.4771212547

		0.6020599913		0.6020599913		0.6020599913		0.6020599913		0.6020599913

		0.6989700043		0.6989700043		0.6989700043		0.6989700043		0.6989700043



303k

313k

323k

333k

343k

Log C

Log θ

-0.140921

-0.2079

-0.158265221

-0.2477978468

-0.3245883063

-0.10303

-0.14966

-0.1295960947

-0.1666616111

-0.2338847168

-0.07888

-0.08862

-0.0907114758

-0.1081838805

-0.1487294178

-0.07083

-0.06859

-0.0628332963

-0.09843271

-0.1399616102

-0.07017

-0.06686

-0.0601314555

-0.0948519981

-0.12222565

-0.05625

-0.0507

-0.0538426051

-0.0761862789

-0.1071821757



Sheet1

		303K																				-0.1030330981

		c		logc		IE		θ		1-θ		θ/1-θ		logθ/1-θ		logθ/1-θ/c		log 0

		0.5		-0.3010299957		72.29		0.7229		0.2771		2.6088054854		0.416441699		0.8328833979		-0.140921								logθ/1-θ		θ

		1		0		78.88		0.7888		0.2112		3.7348484848		0.5722729881		0.5722729881		-0.10303

		2		0.3010299957		83.39		0.8339		0.1661		5.0204695966		0.7007443414		0.3503721707		-0.07888				logc		303K		313K		323K		333K		343K

		3		0.4771212547		84.95		0.8495		0.1505		5.6445182724		0.7516268833		0.2505422944		-0.07083				-0.3010299957		0.416441699		0.3494047849		0.1139126178		0.1139126178		-0.0918083738

		4		0.6020599913		85.08		0.8508		0.1492		5.7024128686		0.7560586581		0.1890146645		-0.07017				0		0.5722729881		0.5256459407		0.4587841993		0.3299563255		0.1466045624

		5		0.6989700043		87.85		0.8785		0.1215		7.2304526749		0.8591654879		0.1718330976		-0.05625				0.3010299957		0.7007443414		0.6910010747		0.6339771696		0.5484075257		0.3889025367

																						0.4771212547		0.7516268833		0.7538705136		0.807799108		0.5944993394		0.4199167866

		313K																				0.6020599913		0.7560586581		0.7593640006		0.8282700196		0.6124489988		0.4880768018

		c		logc		IE		θ		1-θ		θ/1-θ		logθ/1-θ		logθ/1-θ/c		log 0				0.6989700043		0.8591654879		0.8647161235		0.8794588445		0.717257677		0.5529690413

		0.5		-0.3010299957		61.95		0.6195		0.2771		2.2356549982		0.3494047849		0.6988095699		-0.2079																-0.2079586893

		1		0		70.85		0.7085		0.2112		3.3546401515		0.5256459407		0.5256459407		-0.14966		303K		313K		323K		333K		343K						-0.1496601454

		2		0.3010299957		81.54		0.8154		0.1661		4.9090909091		0.6910010747		0.3455005373		-0.08862		0.7229		0.6195		0.6946		0.5652		0.4736						-0.0886292929

		3		0.4771212547		85.39		0.8539		0.1505		5.6737541528		0.7538705136		0.2512901712		-0.06859		0.7888		0.7085		0.742		0.6813		0.5836						-0.0685929864

		4		0.6020599913		85.73		0.8573		0.1492		5.7459785523		0.7593640006		0.1898410001		-0.06686		0.8339		81.54		0.8115		0.7795		0.71002						-0.0668671763

		5		0.6989700043		88.98		0.8898		0.1215		7.3234567901		0.8647161235		0.1729432247		-0.0507		0.8495		85.39		0.8653		0.7972		0.7245						-0.0507075986

																				0.8508		0.8573		0.8707		0.8038		0.7547

		323K																		0.8785		0.8898		0.8834		0.8391		0.7813

		c		logc		IE		θ		1-θ		θ/1-θ		logθ/1-θ		logθ/1-θ/c		log o

		0.5		-0.3010299957		69.46		0.6946		0.3054		2.2743942371		0.3568657463		0.7137314925		-0.158265221						303k		313k		323k		333k		343k		logθ

		1		0		74.2		0.742		0.258		2.8759689922		0.4587841993		0.4587841993		-0.1295960947				-0.3010299957		-0.140921		-0.2079		-0.158265221		-0.2477978468		-0.3245883063

		2		0.3010299957		81.15		0.8115		0.1885		4.3050397878		0.6339771696		0.3169885848		-0.0907114758				0		-0.10303		-0.14966		-0.1295960947		-0.1666616111		-0.2338847168

		3		0.4771212547		86.53		0.8653		0.1347		6.423904974		0.807799108		0.2692663693		-0.0628332963				0.3010299957		-0.07888		-0.08862		-0.0907114758		-0.1081838805		-0.1487294178

		4		0.6020599913		87.07		0.8707		0.1293		6.7339520495		0.8282700196		0.2070675049		-0.0601314555				0.4771212547		-0.07083		-0.06859		-0.0628332963		-0.09843271		-0.1399616102

		5		0.6989700043		88.34		0.8834		0.1166		7.576329331		0.8794588445		0.1758917689		-0.0538426051				0.6020599913		-0.07017		-0.06686		-0.0601314555		-0.0948519981		-0.12222565

																						0.6989700043		-0.05625		-0.0507		-0.0538426051		-0.0761862789		-0.1071821757

		333K

		c		logc		IE		θ		1-θ		θ/1-θ		logθ/1-θ		logθ/1-θ/c		log 0

		0.5		-0.3010299957		56.52		0.5652		0.4348		1.2999080037		0.1139126178		0.2278252355		-0.2477978468		303k		313k		323k		333k		343k

		1		0		68.13		0.6813		0.3187		2.1377470976		0.3299563255		0.3299563255		-0.1666616111		0.8328833979		0.6988095699		0.7137314925		0.2278252355		-0.0918083738

		2		0.3010299957		77.95		0.7795		0.2205		3.5351473923		0.5484075257		0.2742037629		-0.1081838805		0.5722729881		0.5256459407		0.4587841993		0.3299563255		0.1466045624

		3		0.4771212547		79.72		0.7972		0.2028		3.9309664694		0.5944993394		0.1981664465		-0.09843271		0.3503721707		0.6910010747		0.3169885848		0.2742037629		0.1944512683

		4		0.6020599913		80.38		0.8038		0.1962		4.0968399592		0.6124489988		0.1531122497		-0.0948519981		0.2505422944		0.7538705136		0.2692663693		0.1981664465		0.1399722622

		5		0.6989700043		83.91		0.8391		0.1609		5.2150403978		0.717257677		0.1434515354		-0.0761862789		0.1890146645		0.7593640006		0.2070675049		0.1531122497		0.1220192004

																				0.1718330976		0.8647161235		0.1758917689		0.1434515354		0.1105938083

		343K

		c		logc		IE		θ		1-θ		θ/1-θ		logθ/1-θ		logθ/1-θ/c		log 0						303k		313k		323k		333k		343k

		0.5		-0.3010299957		47.36		0.4736		0.5264		0.8996960486		-0.0459041869		-0.0918083738		-0.3245883063				-0.30103		0.416441699		0.3494047849		0.3568657463		0.1139126178		-0.0459041869

		1		0		58.36		0.5836		0.4164		1.4015369837		0.1466045624		0.1466045624		-0.2338847168				0		0.5722729881		0.5256459407		0.4587841993		0.3299563255		0.1466045624

		2		0.3010299957		71.002		0.71002		0.28998		2.4485136906		0.3889025367		0.1944512683		-0.1487294178				0.30103		0.7007443414		0.6910010747		0.6339771696		0.5484075257		0.3889025367

		3		0.4771212547		72.45		0.7245		0.2755		2.6297640653		0.4199167866		0.1399722622		-0.1399616102				0.477121		0.7516268833		0.7538705136		0.807799108		0.5944993394		0.4199167866

		4		0.6020599913		75.47		0.7547		0.2453		3.0766408479		0.4880768018		0.1220192004		-0.12222565				0.60206		0.7560586581		0.7593640006		0.8282700196		0.6124489988		0.4880768018

		5		0.6989700043		78.13		0.7813		0.2187		3.5724737083		0.5529690413		0.1105938083		-0.1071821757				0.69897		0.8591654879		0.8647161235		0.8794588445		0.717257677		0.5529690413

																				303k		313k		323k		333k		343k

						303k		313k		323k		333k		343k				-0.30103		0.7229		0.6195		0.6946		0.5652		0.4736

				-0.30103		72.29		61.95		69.46		56.52		47.36				0		0.7888		0.7085		0.742		0.6813		0.5836

				0		78.88		70.85		74.2		68.13		58.36				0.30103		0.8339		0.8154		0.8115		0.7795		0.71002

				0.30103		83.39		81.54		81.15		77.95		71.002				0.477121		0.8495		0.8539		0.8653		0.7972		0.7245

				0.477121		84.95		85.39		86.53		79.72		72.45				0.60206		0.8508		0.8573		0.8707		0.8038		0.7547

				0.60206		85.08		85.73		87.07		80.38		75.47				0.69897		0.8785		0.8898		0.8834		0.8391		0.7813

				0.69897		87.85		88.98		88.34		83.91		78.13
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