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                                                 INTRODUCTION   

1. INTRODUCTION
  
Corrosion can be defined in many ways. Some definitions are very narrow and deal with a specific form of corrosion, while others are quite broad and cover many forms of deterioration. The word corrode is derived from the Latin word “corrodere”, this means “to gnaw to pieces.” The general definition of corrode is to eat into or wear away gradually, as if by gnawing for purposes here. Corrosion can be defined as a chemical or electrochemical reaction between a material, usually a metal, and its environment         that produces a deterioration of the material and its properties. The environment consists of the entire surrounding in contact with the material. The primary factors to describe the environment are (a) Physical state-gas, liquid or solid. (b) Chemical composition- constituents and concentrations and (c) Temperature. 
Other factors can be important in specific cases. Examples of these factors are the relative velocity of a solution (because of flow or agitation) and mechanical loads on the material, including residual stress within the material. The deterioration of materials because of a reaction with hot gases, however, is included in the definition of corrosion given here.
To summarize, corrosion is the deterioration of a metal and is caused by the reaction of the metal with the environment. Reference to marine corrosion of a pier piling means that the steel piling corrodes because of its reaction with the marine environment. The environment is air saturated with seawater. The environment can be further described by specifying the chemical analysis of the seawater and the temperature and velocity of the seawater at the piling surface.
When corrosion is discussed, it is important to think of a combination of a material and an environment. The corrosion behavior of a material cannot be described unless the environment in which the material is to be exposed is identified. Similarly, the corrosivity or aggressiveness of an environment cannot be described unless the material that is to be exposed to that environment is identified. In summary, the corrosion behavior of the material depends on the environment to which it is subjected, and the corrosivity of an environment depends on the material exposed to that environment.
It is useful to identify both natural combinations and unnatural combination in corrosion. Examples of natural or desirable combinations of material and environment include nickel in caustic environments, lead in water, and aluminum in atmospheric exposures. In these environments, the interaction between the metal and the environment does not usually result in severe corrosion problems. The combination is a natural combination to provide good corrosion service. Unnatural combinations, on the other hand, are those that result in severe corrosion damage to the metal because of exposure to an undesirable environment. Examples of unnatural combinations include copper in ammonia solutions, stainless steel in chloride-containing environments (e.g., seawater), and lead with wine (acetic acid in wine attacks lead).
UNIFORM CORROSION:
This is also called general corrosion. The surface effect produced by most direct chemical attack is a uniform etching of the metal. On a polished surface, this type of corrosion is first seen as a general dulling of the surface and, if allowed to continue, the surface becomes rough and possibly frosted in appearance. The discoloration or general dulling of metal created by its exposure to elevated temperatures is not to be considered as uniform etch corrosion. The use of chemical-resistant protective coatings or more resistant materials will control these problems.
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GALVANIC CORROSION:
Galvanic corrosion is an electrochemical action of two dissimilar metals in the presence of an electrolyte and an electron conductive path. It occurs when dissimilar metals are in contact   It is recognizable by the presence of a buildup of corrosion at the joint between the dissimilar metals. Control of galvanic corrosion is achieved by using metals closer to each other in the galvanic series or by electrically isolating metals from each other. Cathodic protection can also be used to control galvanic corrosion effects.
                                               


PITTING CORROSION:
     Passive metals, such as stainless steel, resist corrosive media and can perform well over long periods of time. However, if corrosion does occur, it forms at random in pits. Pitting is most likely to occur in the presence of chloride ions, combined with such depolarizers as oxygen or oxidizing salts. Methods that can be used to control pitting include maintaining clean surfaces, application of a protective coating, and use of inhibitors or cathodic protection for immersion service
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 CREVICE CORROSION:
   Crevice Corrosion is the result of a combination of an aggressive chemical environment and high fluid-surface velocities. This can be the result of fast fluid flow past a stationary object, such as the case with the oil-field check valve shown below, or it can result from the quick motion of an object in a stationary fluid, such as happens when a ship's propeller churns the ocean. Cleanliness, the proper use of sealants, and protective coatings are effective means of controlling this problem. Molybdenum-containing grades of stainless steel (e.g. 316 and 316L) have increased crevice corrosion resistance.

    

SELECTIVE LEACHING:
  Selective leaching is the removal of one element from a solid alloy by corrosion processes. The most common example is the selective removal of zinc in brass alloys (dezincification). Similar processes occur in other alloy systems in which aluminum; iron, cobalt, chromium, and other elements are removed. Selective leaching is the general term to describe these processes, and its use precludes the creation of terms such as decobaltification.
.




STRESS-CORROSION:
Stress-corrosion cracking refers to cracking caused by the simultaneous presence of tensile stress and a specific corrosive medium. Many investigators have classified all cracking failures occurring in corrosive mediums as stress-corrosion cracking, including failures due to hydrogen embrittlement. However, these two types of cracking failures respond differently to environmental variables. Stress-corrosion cracking can be prevented by using Ultrasonic Impact Treatment technique with depth of compression significantly deeper than with needle peening.
                                             


INTERGRANULAR CORROSION:
            Grain boundary effects are of little or no consequence in most applications or uses of metals. If a metal corrodes, uniform attack results since grain boundaries are usually only slightly more reactive than the matrix. However, under certain conditions, grain interfaces are very reactive and intergranular corrosion results. Localized attack at and adjacent to grain boundaries, with relatively little corrosion of the grains, is intergranular corrosion. The alloy disintegrates (grains fall out) and/or loses its strength
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EROSION CORROSION:
Erosion corrosion is the acceleration or increase in rate of deterioration or attack on a metal because of relative movement between a corrosive fluid and the metal surface. Generally, this movement is quite rapid, and mechanical wear effects or abrasion are involved. Metal is removed from the surface as dissolved ions, or it forms solid corrosion products which are mechanically swept from the metal surface. 
Sometimes, movement of the environment decreases corrosion, particularly when localized attack occurs under stagnant conditions, but this is not erosion corrosion because deterioration is not increased.

  Erosion corrosion can be controlled by the use of harder alloys (including flame-sprayed or welded hard facings) or by using a more corrosion resistant alloy. Alterations in fluid velocity and changes in flow patterns can also reduce the effects of erosion corrosion.
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ELECTROCHEMICAL CORROSION THEORY: 

Electrochemical corrosion involves two half-cell reactions; an oxidation reaction at the anode and a reduction reaction at the cathode. For iron corroding in water with a near neutral pH, these half cell reactions can be represented as:
  Anode reaction   :                     Fe             =>       Fe2+ + 2e-

Cathode reaction :                O2 + 2H2O + 4e-   =>      4OH-

                   There are obviously different anodic and cathodic reactions for different alloys exposed to various environments. These half-cell reactions are thought to occur (at least initially) at microscopic anodes and cathodes covering a corroding surface. Macroscopic anodes and cathodes can develop as corrosion damage progresses with time. 
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                    (Schematic representation of electrochemical corrosion process (aqueous      corrosion of iron under near neutral pH conditions)

                                   


 Schematic representation of current flow (conventional current direction)
in a simple corrosion cell
From the above theory it should be apparent that there are four fundamental components in an electrochemical corrosion cell: 

· Anode.

· Cathode.

· Conducting environment for ionic movement (electrolyte).

· Electrical connection between the anode and cathode for the flow of electron current.
If any of the above components is missing or disabled, the electrochemical corrosion process will be stopped. Clearly, these elements are thus fundamentally important for corrosion control
CAUSES FOR CORROSION:
Corrosion is an electrochemical reaction involving the movement of electrons. In a battery, electrons build up in the negative end (the anode) and the positive end (the cathode) is attractive to electrons due to its positive charge. If the two ends of the battery are connected with a conductive object such as a metal wire electrons can flow through which from the anode to the cathode as an electric current. Corrosion in a pipe, acts in the same manner as a battery. A negative area of metal (the anode) is connected to a positive area (the cathode) by the pipe wall itself as shown below. As a result, electrons can flow from the anode to the cathode.
                                       


                                                Cathodes and Anodes in Pipe Wall

The conducting solution electrolyte in the case of a pipe is the water within the pipe with its dissolved salts. The electrolyte accepts the electrons from the cathode, making the cathode maintain a positive charge which draws more electrons to it. In the case of corrosion of a pipe, the anode, cathode, and conductive material are all found in the pipe wall while the electrolyte is the water within the pipe. If any of these four elements, which make up the corrosion cell, are absent or not touching each other, then corrosion cannot occur.

THE EFFECTS OF CORROSION IN TODAY'S SOCIETY:
Living in today's world where technology is visible and palpable is almost everything that a person could wish for.  Most of the things that people long ago would have to wait for weeks or months to be able to access or deliver are now just a click away.  We are definitely in a generation where dreamers become inventors and inventors become legends.  However, most of what we have today are still semi-synthetic and are still considered "wear-and-tear" machines.  Most of the objects, gadgets, and even establishments that surround us are still made out of raw materials that soon experience slow deterioration.
Wood-based products face the problems of flaking paint, molds, or termites.  Plastic-based products may last longer than wood products but there are still health and environment issues concerning the usage of plastics.  Lastly, metal-based products, and/or metals in general, face one of their biggest enemies called rust.  Thus, although we might be living in our advanced world, there are still some natural issues that we need to find solution with. Different people worldwide have done many researches and studies on improving architectural, engineering and construction methods and have already come up with some solution towards such problems and one of which is providing ways to prevent or delay rusting in metals.
Corrosion, most commonly known as rust, is a chemical reaction that causes engineered materials' component atoms to break apart.  Corrosion happens when metals are exposed to oxygen, which in our case, makes up about 21% of the air that we breathe.  When this happens, the metals that we use for practically anything from screws that make up our gadgets to the entire San Francisco's Golden Gate Bridge to deteriorate and lose not only its luster or paint but also its strength. It's like comparing a microwaveble glass bowl and a wine glass where the former is definitely stronger and more durable.
Indeed, today's world opens up portals into development and advancement of technology as well as the improvement of the society.  From the Industrial Revolution's machines up to today's computers, we have endlessly searched for the most convenient way of living. Through prevention and upgrading of engineering and architectural designs and products, we can soon build the world we've always wanted to live in; that which is a safer and stronger environment to all.
COST OF CORROSION:
A recentA recently released two-year breakthrough study estimates the annual direct cost of corrosion in the United States to be $276 billion. While this is a sizeable number, larger than many of the world's economies, it has been estimated that 25-30% of the total, or $70-80 billion, could be saved by using state-of-the-art corrosion management practices. In addition to the cost savings, corrosion can result in public and industrial safety i issues. CC Technologies (Dublin, Ohio) conducted the research in a cooperative effort with the U.S. Department of Transportation Federal Highway Administration (FHWA). NACE International - The Corrosion Society worked with Congressional representatives to secure $1 million in federal funding for the study.
The study identified the direct cost of corrosion in five major sectors of the economy - infrastructure, utilities, transportation, production & manufacturing, and government
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CORROSION CONTROL AND PRETECTION:
There are four basic methods for Corrosion Control & Corrosion Protection. 
1. Materials resistant to Corrosion 
2. Protective coatings 
3. Cathodic protection 
4. Corrosion Inhibitors- Modify the operating environment

         In most cases, effective corrosion control is obtained by combining two or more of these methods. Corrosion control should be considered at the design stage of a given facility or system. The methods selected must be appropriate for the materials used, for the configurations and for the types and forms of corrosion which must be controlled.

        
MATERIALS RESISTANT TO CORROSION:
 
There are no materials that are immune to corrosion in all environments.                       Materials must be matched to the environment that they will encounter in service. Corrosion Resistance Data are used to assess the suitability of a material in an environment.
PROTECTIVE COATINGS:
Protective coatings are the most widely used corrosion control technique. Essentially, protective coatings are a means for separating the surfaces that are susceptible to corrosion from the factors in the environment, which cause corrosion to occur that protective coatings can never provide 100 percent protection of entire surface. If localized corrosion at a coating defect is likely to cause rapid catastrophic failure, additional corrosion control measures must be taken. Coatings are particularly useful when used in combination with other methods of corrosion control such as cathodic protection or galvanic corrosion. 
          
CATHODIC PROTECTION:

 
Cathodic protection interferes with the natural action of the electrochemical cells that are responsible for corrosion. Cathodic protection can be effectively applied to control corrosion of surfaces that are immersed in water or exposed to soil. Cathodic protection in its classical form cannot be used to protect surfaces exposed to the atmosphere. The use of anodic metallic coatings such as zinc on steel (galvanizing) is, however, a form of cathodic protection, which is effective in the atmosphere. There are two basic methods of supplying the electrical currents required to interfere with the electrochemical cell action. 

 
The first method, cathodic protection with galvanic anodes, uses the corrosion of an active metal, such as magnesium or zinc, to provide the required electrical current. In this method, called sacrificial or galvanic anode cathodic protection, the active metal is consumed in the process of protecting the surfaces where corrosion is controlled and the anodes must be periodically replaced. In the second method, impressed current cathodic protection, an alternative source of direct electrical current, usually a rectifier that converts alternating current to direct current is used to provide the required electrical current. In this system, the electrical circuit is completed through an inert anode material that is not consumed in the process. 

CORROSION INHIBITORS - MODIFY THE OPERATING ENVIRONMENT:
Another method of corrosion control often neglected is modifying the operating   environment. Using a selective backfill around a buried structure, using corrosion   inhibitors in power plant or in engine cooling systems  and provide adequate drainage are all examples of the use of this method of corrosion control.  Although best employed during the design stage, in some cases, actions taken to correct corrosion problems through modifying the environment can be taken after a system is built. Careful identification and characterization of corrosion problems will often reveal opportunities for changing the environment to control corrosion.

A corrosion inhibitor is a chemical compound, which when added to an environment (aqueous solution, oil, fuels, and atmosphere) reduces the corrosion rate. 

· Cathodic corrosion inhibitors
· Anodic corrosion inhibitors
· Adsorption corrosion inhibitors
· Volatile corrosion inhibitors (VCI)
CATHODIC CORROSION INHIBITORS:
Cathodic inhibitors reduce the corrosion rate due to retarding cathodic reactions.
A cathodic inhibitor causes formation of insoluble compounds precipitating on the cathodic sites in form of a barrier film. The effective cathode area is one of the factors of galvanic corrosion therefore its reduction results in decrease of corrosion rate.

The following compounds are used as cathodic inhibitors: 

· Zinc salts (zinc hydroxide, zinc phosphate), Calcium salts (calcium carbonate, calcium phosphate) Magnesium salts, Polyphosphates.

ANODIC CORROSION INHIBITORS:
Anodic inhibitors reduce the corrosion rate due to retarding anodic reactions.
An anodic inhibitor shifts the equilibrium of the corrosion process to the passivation zone (Pourbaix diagrams) causing formation of a thin invisible passivation oxide film on the anodic sites, which increases the anode potential and depresses the oxidation process.
Reduction of the effective anode area results in decrease of corrosion rate.
Anodic inhibitor has a serious disadvantage:  at low concentrations they cause increase of corrosion rate therefore it is important to avoid decrease of the inhibitor content below the optimum level.The following compounds are used as anodic inhibitors:
· Chromate (CrO42-), Nitrite (NO22-), Molybdate (MoO42-) Orthophosphate (PO43-).

ADSORPTION CORROSION INHIBITORS:
Adsorption inhibitors reduce the corrosion rate due to polarization of the metal by extremely thin layer of their molecule absorbed on the surface. Decrease of the effective surface area results in reduction of the corrosion rate. Adsorption inhibitors are substances (mainly organic) capable to form chemisorbed bonds with surfacemetal atoms.

 The following compounds are used as adsorption inhibitors:
· Amines (R-NH2), Carboxyls (R-COOH), Thiourea (NH2CSNH2), Phosphonates (R-PO3H2), Benzonate (C6H5COO-), Antimony trichloride (SbCl3).

VOLATILE CORROSION INHIBITORS (VCI):
Volatile corrosion inhibitors (VCI) reduce corrosion in closed spaces (package bags). VCI compound is emitted (vaporized) by the material enclosing the space.
The vapors condense on the metal surface in form of microscopic crystals, which dissolve in the moiture film present on the surface. The ions of the dissolved VCI displace water molecules from the metal surface and form monomolecular invisible protection film reducing reducing thecorrosion rate.Volatile corrosion inhibitors may be added to various package materials: polymer film (eg. low density polyethylene), paper, foam, powder, oil. 
The following compounds are used as Volatile corrosion inhibitors (VCI):
· Cyclohexylamine, Dicyclohexylamine, Guanidine, Amino alcohols, Nitrites.
CORROSION INHIBITOR IN NATURAL WAY:
Corrosion inhibitors are chemical compounds added to the corrosive medium to reduce the rate of its attack on the metal or alloy. The chemicals which can act as corrosion inhibitors may be inorganic or organic. The inorganic compounds such as chromates inhibit the corrosion process via formation of passive oxide film on the metal surface and thus prevent the corrosive medium to attack the bar metal. On the other hand, the organic compounds adsorb on the metal surface forming a barrier between the metal and the corrosive environment. 
  Some structural features of the organic compounds help them to do so. These include the presence of oxygen, nitrogen or sulfur atoms as well as presence of double bonds. The lone pair electrons of the mentioned atoms facilitate the adsorption process. Some criteria should be considered when making a choice of chemical compounds for inhibition of corrosion. Inhibition of metallic corrosion is mainly an economical process. Therefore, the first criterion must be fulfilled by the used inhibitors is their prices. 
The other very important criterion should be considered when dealing with corrosion inhibitor is its effect on the human and environment.  Unfortunately, most of the effective corrosion inhibitors are synthetic chemicals with high cost. At the same time, the use of such synthetic compounds can cause harm to human and environment. Upon looking around we'll find very rich resources for substances with wide varieties of chemical structures.
    So, why we rush to synthesize harmful chemical while the nature around us full of the safest ones? The plant is the great chemical factory which can supply us with the chemicals required to inhibit the corrosion process. Most of the naturally occurring substances are safe and can be extracted by simple and cheap procedures. Recent literature full of researches which test different extracts for corrosion inhibition applications. 
     The examples are numerous such as henna, olive, shirsh zallouh, vanillin, natural honey, khella, onion, ficus, opuntia, many oils extracted from different parts of different plants and many others. Many of these naturally occurring substances proved their ability to act as corrosion inhibitors for the corrosion of different metals and alloys in different aggressive media.
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PLANT DISCRIPTION:
                             


Wheat bran (Triticum aestivum)

Botanical Source    :   
 Triticum aestivum L. 

Family                    :  
 Poaceae 

Common Names    :  
 Common wheat, Bread wheat 
Nature                    :  
 Slightly warm and sweet 
Actions                   :   
 Calms the spirit, resolves dampness, moves stool 
Conditions              :  
 Agitation, swelling, hig
CC Tech Wheat (Triticum spp.) is a grass, originally from the Fertile Crescent region of the Near East, but now cultivated worldwide. In 2007 world production of wheat was 607 million tons, making it the third most-produced cereal after maize (784 million tons) and rice (651 million tons). Globally, wheat is the leading source of vegetable protein in human food, having higher protein content than either maize (corn) or rice, the other major cereals. In terms of total production tonnages used for food, it is currently second to rice as the main human food crop, and ahead of maize, after allowing for maize's more extensive use in animal feeds.
Wheat was a key factor enabling the emergence of city-based societies at the start of civilization because it was one of the first crops that could be easily cultivated on a large scale, and had the additional advantage of yielding a harvest that provides long-term storage of food. Wheat is a factor in contributing to city-states in the Fertile Crescent including the Babylonian and Assyrian empires. Wheat grain is a staple food used to make flour for leavened, flat and steamed breads, biscuits, cookies, cakes, breakfast cereal, pasta, noodles, couscous and for fermentation to make beer other alcoholic beverages  or biofuel. 
Wheat is planted to a limited extent as a forage crop for livestock, and its straw can be used as a construction material for roofing thatch.[7]

 HYPERLINK "http://en.wikipedia.org/wiki/Wheat" \l "cite_note-CVDE-7#cite_note-CVDE-7" [8] The husk of the grain, separated when milling white flour, is bran. Wheat germ is the embryo portion of the wheat kernel. It is a concentrated source of vitamins, minerals, and protein, and is sustained by the larger, starch storage region of the kernel—the endosperm.

The study identified the direct cost of corrosion in five major sectors of the economy - infrastructure, utilities, transportation, production & manufacturing, and government.
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This Bran is the outer most covering of wheat. It is what is left over after the milling of flour. You can use it in almost anything: breads, cookies, casseroles etc. It adds fiber to your diet, keeping things running smoothly. Wheat bran is very rich in water-insoluble dietary fibre and has a high protein, vitamin and mineral content. It can be added to bread and other doughs or used in making muesli, porridges etc. Also rye and oat bran is used the same ways as wheat bran. Knowing the high protein extract of the bran this study has been undertaken to explore the acid extract of the Wheat bran as corrosion inhibitor for mild steel in acid medium.                                             
Objectives:
The bran of triticum aestivum is easily available and so the corrosion in inhibition of mild steeel in 0.5 M sulphuric acid solution by extract of triticum aestivum bran is investigated. Hence the present investigation has been made with the following objectives.
· To investigate the inhibitive effect of triticum aestivum bran on the corrosion of mild steel in 0.5 M sulphuric acid solution.
· To identify the optimum concentration of the extract for maximum inhibition efficiency.
· To evaluate   the consistent performance of the inhibitor with time.
· To study the effectiveness of the inhibitor at higher temperature.
· To calculate the kinetic and thermodynamic parameters of corrosion.
· To select the proper adsorption isotherm to fit the data.
· To access the performance by electrochemical measurements.

· To suggest a possible mechanism.

. 
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2. REVIEW OF LITERATURE

The use of corrosion inhibitors for corrosion control could be to the later half of the nineteenth century. An over view of chemical abstracts provides valuable insight into the extent and nature of studies undertaken in this field. Natural products as corrosion inhibitor for metals is reviewed and presented under the following heading.
1. Natural products as inhibitors 

a) Effect of inhibitors on mild steel corrosion 

b) Metals other than mild steel

Natural products as inhibitors:
· Fruits of Sapindus Trifolianus, Concian and Trifla were extracted with 5% HCl and extracts was studied for corrosion inhibiting properties  using Tafel  intercept, linear polarization and weight loss methods. The extent of corrosion inhibition was found in the order of AC>Trifla> ST (Sanghavi M.J. et al., 1996).
· The inhibitive action of the acid extract of Calotropis Giganta Latex on the corrosion of mild steel in 0.1N HCl solution was studied by Smita A. Verma and Mehta G.N. (1998) using polarization studies. The results showed that the acid extract inhibited the corrosion effectively at 0.08% and the inhibition decreased with decrease in concentration to (0.06% to 0.04%).
· The inhibitive effects of aqueous  extracts of Eucalyptus (leaves), Hibiscus (flowers) and Agaricus on the corrosion of mild steel for cooling – system using tap water was investigated by weight loss and polarization methods. The results showed that all the plant extract inhibit corrosion of mild steel and their inhibitive efficiencies were in the order: Agaricus (85%) > Hibiscus (79%) > Eucalyptus (74%) (Minhaj. A. et al., 1999).
· Water extracts of Henna, Law Sonia inermis leaves powder were evaluated as corrosion inhibitors for steel in saline, acidic and alkaline water using weight loss method. The maximum inhibition efficiency was obtained in extracts of 20g of powdered Henna leaves per litre. The extracts can inhibit efficiently the corrosion of steel 37 in HCl upto 96% and aluminium in NaOH up to 99.8% while no inhibition occurred for steel in NaCl solution Al- Sehaibani.H et al., 2000).
· Maheswari et al., (2001) reported the inhibitive effect of acid extracts of flowers and leaves of Thespesia Populnea on the corrosion of mild steel in 1M HCl. The mass loss method and potentiostatic studies revealed the effectiveness of the extract. An efficiency of 94.87% was found for 0.35% extract at 333K.
· Manohari and Rajalakshmi (2001) determined the effective performance of extracts of Psidium gerajanra (bark) and Callistemos (leaves) for mild steel in 1M HCl. The extracts were effective at high concentration and at room temperature. The polarization curves showed its mixed mode of inhibition.

· Maheswari et al., (2001) studied the inhibition of corrosion of mild steel in acid medium by the extracts Cajanus cajan using mass loss method and polarization method. The inhibitor efficiency increased with concentration and adsorption obeyed Langmuir and Temkin adsorption isotherms.
· The acid corrosion of Andiographis Paniculata was investigated in the present study towards corrosion inhibition and the inhibitive action was studied by weight loss method, Tafel polarization method and impedance studies by Ramesh S.P. et al., (2001). The result revealed that this plant extract has the potential to serve as corrosion inhibitor.
· Prithiba et al., (2002) have evaluated the effective inhibition   of extract Erratamia Coronaria leaves on the corrosion of mild steel in 1M HCl and 0.5M H2SO4 at ambient temperature. Mass loss and potential measurement techniques have been used. The inhibitor efficiency increased with the concentration of the extract and the system obeyed Langmuir adsorption isotherm.
· Orubite K.O. and Oforka N.C. (2003) reported the inhibition of corrosion of mild steel in HCl solution by the extract of the leaves of Nypa fruticans wurmb by weight loss and hydrogen gas evolution methods. Maximum inhibition efficiency of 75.11% was observed with Nypa fruticans.
· Maheswari et al., (2003) have observed the performance of Cajanus cajan seed extract on the corrosion inhibition of mild steel in 1M HCl. A maximum efficiency of 95.59% was observed at 0.7 concentrations at 65oC and the efficiency of 92.84% at 0.7 concentration of 5% extract.
· The investigation of Jack bean seeds (Canavalia Ensiformis) as inhibitor for mild steel in 1M HCl was carried out by Prithiba et al., (2003). The researchers investigated the efficiency depending on the temperature and concentration. Results showed that temperature did not have any effect. The increase in efficiency was attributed to the presence of canavanine.
· Rajalakshmi et al., (2003) investigated of the performance of acid extract of Ficus banghalensis bark  on the corrosion inhibition of mild steel in 1M HCl and 0.5 M H2SO4  at room temperature. Mass loss, electrochemical polarization and impedance measurements were used. It was found that the inhibition  increased with increase in concentration.

· Leguminous seeds are rich source of amino acids and very few studies using them have been   reported     in the literature. Subhashini (2004) showed the inhibition efficiency of the seeds extracts of Alfa, Adenanthera pavonina, Phaseolus lunatus, Psophocarpus fetragonolobu, Sesbania grandiflora and Sesbania.
· The investigation of Gunaskaran. G and Chauhan L. R. (2004) on the inhibition action of Zenthoxylum alatum extract on the corrosion of mild steel in 20,50 and 80% aqueous orthophosphoric acid using weight loss and EIS methods. It revealed that the plant extract reduces corrosion of steel more effectively in 88% ortho phosphoric acid than and 50% ortho phosphoric acid. The effect of temperature on the corrosion behavior of mild steel in 20%, 50% and 88% ortho phosphoric acid with addition of plant extract was studied for the temperature range 323 – 353 K. Results indicated that this extract is effective upto 343K in 88% ortho phosphoric acid.
· The study of the corrosion inhibition of steel in 2M H3PO4  by Hammouti M. et al., (2005) using Artemisia oil extracted from Artemisia herba by weight loss method, electrochemical and EIS methods. This showed that the inhibition efficiency of the natural oil decreased with the rise of temperature from 308 – 353K.
· Oguzie E. E. et al., (2005) investigated the efficiency of Telfaria occidentails extract as a corrosion inhibition for mild steel in 2M HCl and 1M H2SO4 solutions using hydrogen gas evolution technique. It was   found that the inhibition efficiency decreased with rise in temperature.
· An evaluation of the effective performance of Artemisia oil, which is extracted from Artemisia Herba Alba, was tested as corrosion inhibitor for steel in 2M H3PO4 using electrochemical impedance spectroscopy and weight loss methods. The inhibition efficiency was found to increase with oil content to attain 79% at 6 g/L (Benabdellah.M. et al., 2005)
· Oguzie E.E. et al., (2005) investigated the efficiency of Telfaria occidentals extract as a corrosion inhibitor for mild steel in 2M HCl and 1M H2SO4 solutions using hydrogen gas evolution technique. The results showed that the inhibition efficiency increased with concentration.

· The effect of eugenol and its derivative acetyleugenol extracted from the nail of giroflier on the corrosion of steel in molar HCl were investigated by weight loss, electrochemical polarization and EIS methods. The inhibition efficiency was found to increase with acetylegenol content to attain 91% at 0.1737 g/L (Chaieb. E. et al., 2005). 
· Berberine was extracted from Coptis Chnensis was tested for its corrosion inhibitive nature of mild steel in 1M H2SO4 using weight loss and electrochemical and SEM techniques by Yan Li et al., (2005) and a good fit to Flory – Huggins isotherm was observed from the experimental results.
· The effect of extracts of Chamomile, Halfabar, Black cumin and Kidney bean plants on the corrosion of steel in 1M H2SO4      were investigated by Abdel – Gaber A.M. et al., (2006) using electrochemical impedance spectroscopy  and potentiodynamic polarization techniques. EIS measurements showed that the dissolution process of steel occurs under activation control. Potentiodynamic polarization curves indicated that the plant extracts behaved as mixed – type inhibitors.

· Oguzie E.E. (2006) studied the protective effect and adsorption behavior of Azadiracha indica extract on the corrosion of mild steel in 1M 1M H2SO4  and 2M HCl. The results showed that the extract functioned as a mixed inhibitor, depending on its concentration. The prime effect at lower concentration was mitigation of cathodic reaction by physical adsorption of protonated species in the extract and at higher concentration the anodic reaction was inhibited by chemisorptions of molecular species.

· Corrosion inhibition of mild steel in 2M HCl and 1M H2SO4 by leaf extracts of Occimum Vridis were studied by ka E, Oguzie (2006) using gasometric technique. The inhibition behavior of the extract depends on the physical adsorption of cationic species.
· Chauhan L. R and Gunasekaran G. (2006) investigated the inhibitive action of Zenthoxylum alatum plant extract on the corrosion of mild steel in 5% and 15% aqueous HCl, using weight loss and EIS methods and reported that concentration inhibition efficiency increases on increasing plant extract concentration. It reduced the corrosion of steel more effectively in 5% HCl than in 15% HCl.

· Natural oil extracted from Pennyroyl Mint (Mentha pulegium, PM) was evaluated as corrosion inhibitor of steel in molar HCl by Bouyanzer. A. et al., (2006) using weight loss, electrochemical polarization and EIS methods. The inhibition efficiency was found to increase with oil content to attain 80% at 27.6 g/L. The influence of Calendula officinalis towards the corrosion of mild steel in 1M HCl has been evaluated by weight loss method and polarization technique by Subha.R and Saratha R. (2006). The inhibition efficiency of the compound was found to vary with the concentration of the inhibitor (0.001 to 0.5 % w/v) and immersion time (1 hr – 24 hr). Good inhibition efficiency was found at 0.5% (w/v) concentration of the inhibitor for 2 hours (94.67%).

· Loto and C.A (2006) investigated the corrosion inhibition effect of (Bitter leaf ) Vernonia Amygdalina solution extract on the corrosion of mild steel in 0.5 M HCl and H2SO4 using weight loss method. The results showed that the extract of the leaves could serve as effective inhibitor only in 0.5M HCl at 301K.
·  The inhibiting influence of Carboxy – methyl chitosan on the corrosion of mild steel in 1M HCl solutions was evaluated using weight loss and EIS methods and the inhibition efficiency was found  to decrease with the temperature (Sha Cheng et al., 2007).
· Mild steel undergoes severe corrosion in hydrochloric acid, which is used in industries for cleaning of boilers and oil well tubes. Corrosion is the deterioration process and can be minimized by employed suitable strategies. Corrosion inhibition is a widely accepted method and the inhibitor used for organic, inorganic and environmental friendly natural products.  For the corrosion inhibition action on mild steel several nitrogen, oxygen and sulphur containing compounds have been studied. Plant extracts have become important as an environmentally acceptable, readily available and renewable source for wide range of inhibitors. They are the rich sources of various chemical constituents, which have very high inhibition efficiency. The natural products which show high inhibition efficiency on corrosion of mild steel in acidic media are Opuntia extract, Aleo eru leaves, Orange and Mango peels, Onion, Garlic and bitter ground, Papaia, Poinciana pulcherrima, Cassia Occidentails, Datura stramonmium seeds, Calotropis procera, Azydracta indica and Auforpio turkiale sap. These plant extract show inhibition efficiency nearly 90%. The corrosion inhibition activity in many of these plant extracts could be due to the presence of heterocyclic constituents like alkaloids, flavonoids etc. Even the presence of tannins, cellulose and polycyclic compounds normally enhances the flim formation over the metal surface, thus aiding corrosion (Pandian Bothi Raja, Mathur Gopalakrishnan Sethuraman, 2007).
· The  inhibition effect of Ipomoea Carnea plant extract on the corrosion of mild steel has been investigated by Mandhyan mala et al., (2007) using weight loss and potentiodynamic polarization techniques. The corrosion inhibition efficiency increases on increasing plant extract concentration.

· Okafor and Ebenso P.C, E. E. (2007) evaluated the inhibitive nature of acid extracts of different types of Carica papaya using gravimetric and gasometric techniques and observed that the inhibition efficiency increased with increasing extract concentration. 

· The investigations of Okafor P.C. et al., (2007) using ethanol extracts of Garcinia Kola (EXG) for the corrosion of mild steel in H2SO4 solutions were carried out using hydrogen evolution, electrochemical measurements. The studies revealed that the inhibition efficiency increased on addition of potassium iodide to Garcinia Kola extract indicating synergism. The IE was found to decrease with rise in temperature of the system.
· The extract of Datura Stramonium has been studied as a possible source of green inhibitor for corrosion of mild steel in HCl and H2SO4 media using weight loss and electrochemical techniques. The studies reveal that the plant extracts acted as a good inhibitor in both the acid media and had better inhibitive capacity in H2SO4 medium (Raja et al., 2007).
· The investigations of Okafor P.C. et al., (2007) on effect of inhibitive action of leaves, seeds and combination of leaves and seeds extracts of Phyllanthus amarus on mild steel corrosion  in HCl and  H2SO4  using weight loss and gasometric techniques revealed that the inhibition efficiency increased with extracts concentration. The temperature showed that the IE increase with rise in temperature.

· Valek. L and Martinez S. (2007) studied the Azadirachta indica leaves extract as a copper corrosion inhibitor in 0.5M  H2SO4 solution using electrochemical polarization and weight loss methods and found that chemisorptions takes place and the inhibition followed Frumkin isotherm.

· Ei – Nagger M.M. (2007) examined the inhibiting effect of four sulfa drugs compounds (sulfaguanidine, sulfamethazine, sulfamethoxazole and sulfadiazine) on mild steel corrosion in 1M HCl solutions using galvanostatic polarization and weight loss methods. The results showed that the plant extracts behaved as mixed type inhibitors.

· The inhibition effect of Ipomoea carnea plant extract on the corrosion of mild steel has been investigated by weight loss and potentiodynamic polarization techniques and the studies indicate that the plant extracts behaved as mixed type inhibitors (Mandhyan Mala et al., 2007).

· Estimation of the effective performance of acid extracts of Poultry waste (Hen feather) on the corrosion inhibition of mild steel in 0.5M H2SO4.  At ambient temperature was made by Subhashini S. et al., (2008). Conventional weight loss and electrochemical measurement techniques were used for evaluation. The maximum efficiency was found to be 95.5% for a period of 6 hours with o.5% concentration of the hen feather extract. Experimental results were fitted to Langmuir adsorption isotherm. Electrochemical studies confirm the inhibitive nature of the hen feather extract and also the mixed nature of the inhibitor.
· Dominguez M.A – Aguilar et al., (2008) tested Alkylamides derives from alpha- amino acids as corrosion inhibitors for mild steel in aqueous solution of HCl by polarization scans (PS). PS indicated that the compounds act as mixed corrosion inhibitors with an efficiency of 80 – 90 % when dissolved in the testing solution < 50 ppm.
· Eddy, N. (2008) studied the inhibition of the corrosion of mild steel by ethanol of musa sapientum peels in H2SO4 has been studied using gasometric and thermometric methods. The results of the study revealed effectiveness of the extract at all concentration, temperature and pH.

· Rajalakshmi et al., (2008) studied the use of aquatic   waste-fish scale extracts as a corrosion inhibitor for mild steel in 0.5M H2SO4 by the classical weight loss and electrochemical polarization measurements. The extract could bring out a maximum of 96.5%inhibition of mild steel corrosion in 0.5 M H2SO4. The extract was temperature resistant. Thermodynamic parameters of the corrosion process were calculated from temperature study. The adsorptive behavior of fish extract in acid solution was approximated by langmuir isotherms. Values of tafel constants ba and bc confirmed that the fish scale extracts acts like mixed type inhibitor.
· Rajalakshmi et al., (2008) studied the role of steel extracts of Phaseolus aureus on corrosion of mild steel in 1M HCl by weight loss method and potentiodynamic polarization technique. The potentiodynamic polarization results reveal that the seed extract behaved like mixed type inhibitor. Maximum inhibition efficiency of Phaseolus aureus in 1M HCl was found to be 93%.
· Emeka. E .Oguzie (2008) studied the corrosion inhibiting properties of extracts of Occimum Vridis, Telferia occidentails, Azadirachta indica and Hibiscus Sabdariffa as well as extracts from the seeds of Garcinia Kola on the corrosion of mild steel  2M HCl and 1M H2SO4 using gasometric techniques and reported that the inhibition efficiency increase with increases  in extract concentration.

· The alcoholic extracts of stem, leaves and fruit from the Prosopis cineraria are tested for their effectiveness to combat corrosion of mild steel in HCl, H2SO4   and in acid mixture through the mass loss method by Sharma. M.K. (2008). The fruit extract of Prosopis cineraria showed maximum corrosion inhibition efficiency in the acid mixture solution compared to leaves and stem bark extracts.
· P.B   Raja and M. GSethuraman (2008) observed the corrosion inhibitive effect of the extract of Black pepper on mild steel in 1M H2SO4 media using weight loss and electrochemical methods and found that black pepper extracts acted as a good inhibitor even at higher concentration.
· Evaluation of the performance of  acid extract of Ficus Benghalensis bark corrosion inhibition  of mild steel in 2N, 3N and 4N HCl medium at different temperature were studied by  Subhashini  s. et al., (2008). Weight loss, electrochemical polarization and impedance measurement techniques were conducted. The efficiency of inhibitor was noticed to increase with increase in concentration of the inhibitor.
·  Evaluation of the effective performance of acid extract of Ervantamia Coronaria leaves extract on the inhibition of mild steel 1  M  HCl and  0.5 at ambient temperature by  Rajalakshmi et al., (2010)  using weight loss and electrochemical measurements. Electrochemical studies showed that the plant extracts act as mixed type inhibitors and maximum efficiency of the extract was found to be 98%.
· The effect of coconut (cocos nucifera) shell extract on the corrosion of mild steel in h2SO4 and hCl was studied by weight loss and electrochemical methods by (vijayalakshmi P.R et al ., 2010) studies reveal that coconut shell extract function as an excellent inhibitor in both media, furnishing a maximum of 90% IE. Electrochemical measurements infer the mixed nature of the inhibitor.
· The inhibitory effect of shell extract of  Palmyra Palm (Borassus Flabellifer Linn ) on the corrosion of MS in 1M HCl and 0.5 M H2SO4 by weight loss and electrochemical  techniques. The maximum IE was found to be97.65% and 98.1% in 1M HCl and 0.5 M H2SO4. Electrochemical Measurements infer that the extract act as mixed mode of inhibition (vijayalakshmi P.R et al., 2010).
METALS OTHER THAN MILD STEEL:
· The inhibitive action of the mucilage extracts from the modified stems of Prickly pears, toward acid corrosion of aluminium is tested using weight loss, thermometry, hydrogen evolution and polarization techniques and found that the extract act as a  good corrosion inhibitor for aluminium in 2M HCl and 1M H2SO4 solution. In addition inhibition efficiency was found to increase with increasing extract concentration (El- Etre A.Y, 2003).
· Water extracts from leaves of date palm, phoenix dactylifera, henna, lawsinia inermis, corrozea mays were tested as corrosion inhibitors for steel, aluminium, copper and brass in acid chloride and sodium hydroxide solutions using weight loss, solution analysis and potential studies by Rehan H.H. (2003).Date palm and henna extracts were found to be highly effective in reducing the corrosion rate of steel in acid chloride solutions and aluminum in NaOH solutions.
· Artemisia oil extract from Artemisia herba Alba was tested as corrosion inhibitor for steel in 2M H3PO4 using   weight loss, electrochemical polarization and EIS techniques. The inhibition efficiency was found to increase with increasing oil content to attain 79% at 6 g/L (Benabdellah.M. et al., 2005).
· The effectiveness of Khillah (Ammivisnaga) seeds on the corrosion S x 316 steel in HCl solution was determined using weight loss measurements as well as potentiostatic techniques by El- Etre A.Y (2005). The inhibition efficiency increased as the extract concentration increased.
· The aqueous extract of the leaves of Henna (lawsonia) was tested as corrosion inhibitor for C- steel, nickel and zinc in acidic, neutral and alkaline solutions using the polarization technique and the results showed that the extract acted as a mixed type inhibitor (El – Etre A.Y. et al., 2005).
· The inhibitive action of leaf extract of Sansevieria trifasciata on aluminium corrosion in 2M HCl and 2M KOH solutions was studied using the gasometric technique by Oguzie E.E (2006). It was found that inhibition efficiency increased with concentration and synergistic effects increased the inhibition efficiency in the presence of halide derivatives. The rise in temperature decreased the IE.

· El- Etre A.Y (2007) investigated the inhibitive action of the aqueous extract of the root of Shirsh el zallouh (Ferula harminis) toward the corrosion of C- T steel in HCl solution. The addition of the extract was found to enhance the inhibition efficiency with increasing extract concentration.
· The inhibitive action of the aqueous extract of Olive (Otea europaea L) leaves towards the corrosion of C – steel in 2M HCl was studied by El- Etre A.Y.(2007) using weight loss, Tafel polarization and cyclic voltammetry. The adsorption of extract components on the steel surface was found to be a spontaneous process and to follow the Langmuir and adsorption isotherm.
.
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3. MATERIALS AND METHODS


In any research work materials and the methods adopted are the aspects, which decide and determine qualitatively and quantitatively the out come of the research. In the present investigation, efforts have been taken to study the inhibitive action of the WB extract as corrosion inhibition for mild steel (MS) in dilute sulphuric acid. The design of the present investigation consisted of the following steps.

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

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

TABLE (1)
                                                        ELEMENT ANALYSIS
	S.NO
	ELEMENTS
	% COMPOSITION

	1
	Carbon
	0.143

	2
	Manganese
	0.271

	3
	Silicon
	0.041

	4
	Phosphorous
	0.035

	5
	Sulphur
	0.030

	6
	Chromium
	0.002

	7
	Molybdenum
	0.018

	8
	Nickel
	0.006


TEST MEDIUM:
Acid solutions are widely   used in chemical laboratories and in several industrial processes such as acid pickling, acid cleaning, acid descaling and oil wet cleaning etc. Among the commercially available acids hydrochloric acid and sulphuric acid are used in nearly all industries and is vital commodity in our national economy. Experiments were performed in dilute H2SO4. The acid used was LR grade.

SELECTION OF INHIBITORS:
The choice of the inhibitor is based on the following consideration

· Less expensive

· Non-toxic

· Easily available

· Bio-degradable

· Low cost

· Eco-friendly 

PREPARATION OF INHIBITORS:
In the present investigation we have selected eco friendly inhibitor extract of WB and studies were done separately. The extracts were prepared by refluxing 25gms of WB in 500ml of H2SO4 for three hours and kept overnight for cooling. The cooled extract was filtered and made up to 500ml with 0.5M H2SO4 to get 5% extract of the inhibitors. 

EQUIPMENT USED:
The following equipments were used for this study.
· Solaratron

· Thermostat

· Denver-220 digital balance

TECHNIQUES EMPLOYED:
             Physico - chemical method


Electrochemical measurements

PHYSICO CHEMICAL METHOD (WEIGHT LOSS METHOD):
It is one of the oldest techniques of monitoring corrosion rate and is carried out by exposing the weighed metal coupons in the test media for a predetermined period of time. It is then removed and weighed. The weight losses obtained for the coupons are then measured.


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

Concentration (0.1% - 0.7%)


Time of immersion (1/2hr, 1hr, 3hrs, 6hrs, 12hrs, &24hrs)


Temperature (313oK – 353oK)

DETERMINATION OF CORROSION RATE:
Many expressions are available to express the corrosion rate. The widely used expression is measured in milli inches per year using the formula,
                                                           534 XW
                      C.R (mpy)          =                                                          

                                                         D X A X T                                                                        

                                               
Where,
     W = Weight loss in g

      D = Density of mild steel in g/ cm2

     A = Area of the sample in cm2

      T = Exposure time in hours
DETERMINATION OF PERCENTAGE OF INHIBITION AND SURFACE COVERAGE:
The percentage inhibition efficiency and surface coverage was calculated by using the following equation.                                                  

                                                               W0 - W
                      I.E (%)          =                                         X 100

                                                                   W0                         

                                                              W0 - W

                     θ       =                                                           X 100

                                                                   W0                         
Where, 

      Wo  -  weight loss without inhibitor in c
       W  - weight loss inhibitor in c
DETERMINATION OF THERMODYNAMIC PARAMETERS:
The change in free energy (ΔG) of adsorption of the inhibitors can be calculated by using the following equation (Abdel. A and Saied. A., 1981)

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

 Where,

   Log B = - 1.74 – (ΔG/ 2.303 RT)

        θ is the surface coverage  

        C is the concentration the inhibitor 

        R is the gas constant 8.314 J/mol

        T is the temperature in K


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

                                                        ΔG = ΔH - T ΔS


A plot of ΔG versus T will be a straight line with intercept ΔH and slope ΔS.
ADSORPTION ISOTHERM:
Corrosion inhibition is surface process with specific adsorption of inhibitor on the metal surface. In recent years, attempts have been made to understand the nature of interaction between the inhibitor and metal surface in terms of adsorption isotherm. The knowledge of the adsorption behavior of the inhibitor is important for definition of its active mechanism for this reason; the dependence of surface coverage on concentration is studied through the following adsorption isotherms.

Langmuir [log (θ /1 – θ) Vs log C]

                                            Temkin (θ Vs log C)

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

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


Where R= gas constant 8.314 J/mole
ELECTROCHEMICAL METHODS:

POLARIZATION TECHNIQUES:

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


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

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


The inhibitor efficiency was calculated using the following equation,

                                                   Icorr (blank) – I corr (inhibited)

                      I.E (%)          =                                                          X 100

                                                                  Icorr (blank)                                 
I.E from LPR technique 
                                                     Rp (inhibited) –   Rp (blank)

                      I.E (%)          =                                                          X 100

                                                               Rp (inhibited)                                                                            

                                     
Where,


Rp (inhibited) and Rp (blank) are linear polarization resistance in the presence and absence of the inhibitor respectively.
IMPEDANCE SPECTROSCOPY:
In this method an AC signal of 5 – 10 mV of frequency 10 KHz to 10MHz is applied to the system. Impedance data can be presented in the form of Nyquist or Bode plot. From the data, the Rct and Cdl values are obtained.


The I.E can be calculated using the equation,
                                                      Rct (inhibited) –   Rct (blank)

                      I.E (%)          =                                                          X 100

                                                               Rct (inhibited)                                                                            


Where,



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


With the help of the double layer capacitance Cdl, θ can be calculated using the equation,
                                                          Cdl (inhibited)
                                     θ  =  1    -  

                                             cdl (blank)
Where,



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

RESULTS AND DISCUSSION                                                  

4.  RESULTS AND DISCUSSION
A variety of N, O, and S containing organic compounds have been examined and reported as corrosion inhibitor for mild steel. Several salts of arsines and phosphine are also used as corrosion inhibitor for mild steel. Because of toxic nature and high cost of these synthetic inhibitors which are currently in use, its necessary to develop environmentally acceptable readily available and renewable source for inhibitor. Natural products of plant origin contain various organic compounds such as amino acid, alkaloids tannins and pigments. These compounds are known to have inhibitive action. Natural product can be considered as a good source of inhibitor in this direction. The present work is undertaken to study the use of bran extract of triticum aestivum as potential inhibitor for mild steel in sulphuric acid medium .The results pertaining to this work are discussed as follows.

EFFECT OF ACID CONCENTRATION:
5% extract of triticum aestivum was prepared with 5%, 10%, 15%, 20% of sulphuric acid and the extract were used as corrosion inhibitor for mild steel. The results are presented in table (2). From the table it is clear that maximum efficiency was given by 10% extract but slightly less efficiency was noticed with 5% acid extract. To reduce the toxicity of acid 5% acid was selected for further study.
CHOICE OF EXTRACT CONCENTRATION:
Weight loss measurements were carried out with MS specimen at different concentration the extract at room temperature. The study can be carried out for 3hrs. The corrosion rates and inhibitor efficiency are given in table (3). It can be seen from the table that corrosion was effectively reduced by all the extract concentration for further study 5% extract with 0.5M sulphuric acid was selected.
TABLE (2)
VARIATION OF IE WITH CONC OF SULPHURIC ACID
	S.No
	Conc
(%)
	     5 (%)
	      10(%)
	       15(%)
	       20(%)

	
	
	CR(mpy)
	IE

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

(%)
	CR(mpy)
	IE

(%)

	1
	blank
	472.42
	-
	526.20
	-
	501.49
	
	636.09
	

	2
	0.1
	191.87
	59.38
	146.81
	72.09
	129.37
	74.20
	142.45
	77.63

	3
	0.2
	125.00
	73.53
	142.45
	72.92
	129.37
	74.92
	135.18
	78.77

	4
	0.3
	119.19
	74.76
	122.10
	76.79
	
	
	
	

	5
	0.4
	114.83
	75.69
	103.20
	80.38
	
	
	
	

	6
	0.5
	120.06
	74.58
	  97.39
	81.49
	
	
	
	

	7
	0.6
	123.55
	73.84
	  94.48
	83.04
	
	
	
	

	8
	0.7
	
	
	  82.85
	84.25
	
	
	
	


TABLE (3)
VARIATION OF IE WITH EXTRACT CONCENTRATION
	S.No
	Conc
(%)
	          5g
	          10g
	         15g
	         20g

	
	
	CR(mpy)
	IE

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

(%)
	CR(mpy
	IE

(%)

	1
	blank
	524.74
	   -
	572.71
	   -
	420.09
	   -
	415.72
	

	2
	0.1
	119.19
	77.28
	210.67
	63.19
	161.34
	61.59
	103.20
	75.17

	3
	0.2
	110.47
	78.94
	116.28
	79.69
	111.92
	73.35
	    -
	  -

	4
	0.3
	109.02
	79.22
	110.02
	80.71
	125.00
	70.24
	104.46
	74.87

	5
	0.4
	114.83
	78.11
	109.02
	80.96
	119.19
	71.62
	110.47
	73.42

	6
	0.5
	114.83
	78.11
	  97.39
	82.99
	110.92
	73.35
	111.92
	73.07

	7
	0.6
	114.83
	78.11
	100.29
	82.48
	107.56
	74.39
	113.38
	72.72

	8
	0.7
	116.28
	78.83
	  97.39
	82.48
	111.92
	73.35
	123.55
	70.27


IMPACT OF CONCENTRATION AND EXPOSURE TIME ON THE CORROSION RATE:
The assessments of corrosion inhibition efficiency of the acid extract of triticum aestivum for MS under static condition was carried out with various concentrations    (0.1 to 0.7) % for various period of immersion (1/2hrs to 24hrs) and the results are tabulated in table (4). In the presence of inhibitor the CR decreased effectively. The CR linearly decreased with concentration, this indicates the concentration dependent nature of the inhibitor. Minimum corrosion rate (14.44) was observed with 0.7 concentration at 24hrs of immersion time. The corrosion rate decreased with increasing immersion time.  
INFLUENCE OF CONCENTRATION AND IMMERSION TIME ON IE:

 The table (4) shows the variation of IE with concentration and immersion time The IE increased with concentration from 0.1% to 0.7%. The optimum concentration required to achieve the maximum inhibition was found to be 0.7%. A further increase in concentration did not cause any appreciable change in the performance of the inhibitor.

It is found that the IE increases with immersion time. The optimum time of immersion is 12hrs. The IE found to be a constant on increasing the time of corrosion up to 24hrs. The inhibition of corrosion at high concentration of extract can be ascribed to the blockage of most of the active sites on the metal surface. With an increase in the number of additive molecule the blockage increases until the concentration is high enough to form a monolayer.

 VARIATION OF IE WITH TEMPERATURE:

Temperature places an important role on the IE of the extract. The temperatures modify the interaction between the MS and acid in the absence and in the presence of inhibitor. To determine the energy of activation of corrosion and thermodynamic parameter of adsorption the weight loss measurement were carried out from 313K to 353K in the absence and presence of various concentration of bran extract for an immersion period of 1/2hr. The relationship between the temperature and IE with inhibitor concentration can be understood from the table (5). It is observed that IE increases with increase in concentration for all temperature range. The enhancement of the IE at high temperature may be due to 2 reasons:

The first possibility is that higher activation energy is available for adsorption and the higher diffusion of inhibitor molecule T.P Hoar,R.D Holliday, (1953) The second reason may be the enhancement in the surface coverage at high temperature by the inhibitor molecule. R.H Chakaravarthi et al., (1990) 
Putilova et al., (1960) has also explained the increase in the efficiency of the inhibitor with temperature by suggesting that the surface area of the metal covered by the inhibitor increases as the temperature rises
EFFECT OF TEMPERATURE ON CORROSION RATE:
The corrosion rate of MS increase with temperature, in the absence of inhibitor. Decreases in the presence of inhibitor the corrosion rate at all concentration and at all temperature studied the decrease is obvious at higher temperature thus may be due to higher adsorption rate at higher temperature.  DD.N Singh et al (1979) consider that with increasing temperature some chemical changes occur in the inhibitor molecule leading to an increment in the electron density at the adsorption centers of the molecule causing a decrease in the corrosion rate.
TABLE (4)
EFFECT OF CONCENTRATION OF EXTRACT OF WB ON CORROSION OF MS IN 0.5M SULPHURIC ACID
	s.No
	 Conc.

 Of inhibitor

    (%)

 
	          1/2 HR
	        1HR 
	              3HRS
	         6HRS
	       12HRS
	         24HRS

	
	
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE

(%)
	CR
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)

	1.
	Blank
	784.97
	-
	462.25
	-
	479.33
	-
	817.65
	-
	817.65
	-
	934.66
	-

	2.
	0.1
	392.48
	50.00
	213.68
	53.77
	190.22
	76.26
	56.69
	76.26
	56.69
	93.06
	68.68
	92.69

	3.
	0.2
	305.26
	61.11
	148.54
	67.92
	91.57
	80.06
	46.51
	80.06
	46.51
	94.31
	49.78
	94.67

	4.
	0.3
	191.88
	75.55
	139.54
	69.81
	82.85
	81.96
	42.15
	81.96
	42.15
	94.84
	33.06
	96.46

	5.
	0.4
	174.43
	77.77
	135.18
	70.75
	79.94
	82.59
	41.42
	82.59
	41.42
	94.93
	27.25
	97.10

	6.
	0.5
	165.71
	78.88
	126.46
	72.64
	71.22
	84.49
	39.97
	84.49
	39.97
	95.11
	22.53
	97.58

	7.
	0.6
	156.99
	80.00
	109.02
	76.41
	68.31
	85.12
	35.61
	85.12
	35.61
	95.64
	19.26
	97.93

	8.
	0.7
	139.55
	82.22
	104.66
	77.35
	62.50
	86.39
	34.15
	86.39
	34.15
	95.82
	18.17
	98.05
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Fig (2)
TABLE (5)
VARIATION OF IE OF WB EXTRACT IN 0.5M SULPHURIC ACID WITH TEMPERATURE

	S.No
	 Conc.     

     Of

inhibitor

    (%)

 
	          313K
	          323K
	         333K
	           343K
	           353K

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

	1.
	Blank
	1299.34
	      -
	2128.15
	    -
	7753.73
	  -
	7753.73
	   -
	7753.76
	    -

	2.
	0.1
	366.31
	71.81
	444.81
	79.09
	758.80
	90.21
	758.80
	90.21
	758.80
	90.21

	3.
	0.2
	340.15
	73.82
	427.37
	79.91
	697.75
	91.00
	697.75
	91.00
	697.75
	91.00

	4.
	0.3
	322.71
	75.16
	401.20
	81.14
	662.86
	91.45
	662.86
	91.45
	662.86
	91.45

	5.
	0.4
	313.98
	75.83
	392.48
	81.55
	636.69
	91.78
	636.69
	91.78
	636.69
	91.78

	6.
	0.5
	305.26
	76.51
	375.04
	82.37
	619.25
	91.01
	619.25
	91.01
	619.25
	91.01

	7.
	0.6
	296.54
	77.18
	366.31
	82.78
	610.53
	92.12
	610.53
	92.12
	610.53
	92.12

	8.
	0.7
	279.10
	78.52
	348.87
	83.60
	584.36
	92.46
	584.36
	92.46
	584.36
	92.46
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Fig (3)
ADSORPTION OF ISOTHERM:

The electrochemical processes on the metal surface are likely to be closely   related to the adsorption of the inhibitors and the adsorption is known to depend on the chemical structure of the inhibitor.

Inhibition by organic compounds is mainly due to their ability to adsorb onto a metal surface to form a protective film .The establishment of isotherms that describe the adsorption behavior of corrosion inhibitor  gives important clues about the nature of the metal inhibitor interaction .It has been reported that the  processes of adsorption of the molecule depends on a variety of factor s such as the nature and surface of the metal, the chemical structure of the organic inhibitor, the distribution of charge in the molecule  the type of aggressive electrolyte And the type of interaction between the organic molecule and the metallic surface. The adsorption isotherm of langmuir, Frumkin, Temkin have used to represent the adsorption behavior of organic substances on iron surface, (LNiu,H  et al., (2005) The values of degree of surface coverage Ө of different concentration of extract of triticum aestivum at different immersion time have been employed and are useful in explaining the best isotherm.  
To determine the adsorption process the value of degree of surface coverage were applied to various adsorption isotherm by far the best results was obtain for the langmuir adsorption isotherm. Figure ( 4 )  show the plot of log(Ө/1- Ө) as a function of logarithm of inhibitor concentration from the plot straight line were obtain for the extract indicating that the experimental data fits well into langmuir adsorption isotherm which is given by 

C/ Ө = 1/Kads+c

Where,

                  C is the inhibitor concentration.
                  Ө is the degree of surface coverage
                  K ads is the equilibrium constant of adsorption process.
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Fig (4)
KINETIC /THERMODYNAMIC STUDY:

 
The activation energy for the corrosion of mild steel in the absence and presence of the inhibitors were calculated using the logarithmic form of the arrhenius equation shown below

Log CR2/CR2     =   Ea (1/T1-1/T2)/2.303R

Where CR1 and CR2 are the corrosion rates of mild steel at the lower temperature T1 and the higher temperature T2. Ea is the activation energy for the reaction and R is the molar gas constant value. The Ea calculated from equation 1 are presented in table (6).

The decrease in Ea value with extract concentration indicates chemisorptions. This was attributed by Hoar and Holliday (1953) to a slow rate of inhibitor adsorption with a resultant closer approach to equilibrium during experiments at the higher temperature but Riggs and Hurd (1967) explained that the decrease in activation energy of corrosion at higher levels of inhibition arises from a shift of the net corrosion reaction from that on the uncovered part on the metal surface to the covered one. 

THERMODYNAMIC PARAMETERS:
 
Thermodynamic parameters are important in studying the inhibitive mechanism. The change in free energy of adsorption ∆G values where obtained from the intercept of plot log C vs log (θ/1- θ) and calculated using the following equation  

Log c = log (Ө/1- Ө)-log B

    Where log B = -1.74-(∆G (ads)/2.303RT) and C is the concentration of the system studied.    The calculated value of ∆G ads at all the temperature are presented in  table (6)

The negative value of ∆G suggests that the adsorption of an inhibitor molecule on to steel surface is spontaneous process. The standard adsorption entropy ∆Scan be obtained by the basic thermodynamic equation. 
∆G ads =∆H-T∆S

Figure (6) shows the good dependent of ∆G and T indicating the good correlation among thermodynamic parameters. For an endothermic process ∆H is greater than zero and it’s attributed chemisorption. If for an endothermic process ∆H is less than zero may involve either physisorption or chemisorption is mixture of both processes. In the present study the positive ∆H value indicate endothermic process which is attributed to chemisorption. The negative values of ∆S mean that the process of adsorption accompanied by decrease in entropy it might be explained as follows:


Before the adsorption of inhibitor molecule on to the steel surface the chaotic degree was high but when inhibitor molecules were orderly adsorbed onto the steel surface as a result a decrease in entropy (guannan mu et al (2005) 
TABLE (6)
VARIATION OF KINETIC AND THERMODYNAMIC PARAMETERS WITH CONCENTRATION OF THE EXTRACT
	S.No
	Conc of inhibitor

(%)
	Ea KJ/mole
	313K
	323K
	333K
	343K
	353K
	∆S         KJ/mole
	∆H

KJ/mole

	
	
	
	ΔG

(KJ/mol)
	ΔG

(KJ/mol)
	ΔG

(KJ/mol)
	ΔG

(KJ/mol)
	ΔG

(KJ/mol)
	
	

	1.
	0.1
	63.80
	-12.86
	-14.33
	-17.24
	-17.95
	-16.76
	-0.1142
	22.2006

	2.
	0.2
	44.56
	-13.12
	-14.47
	-17.50
	-18.14
	-18.28
	-0.1399
	30.2847

	3.
	0.3
	37.57
	-13.30
	-14.68
	-17.65
	-18.25
	-18.36
	-0.1369
	29.1397

	4
	0.4
	38.31
	-13.40
	-14.75
	-17.77
	-18.40
	-18.53
	-0.1391
	29.7503

	5
	0.5
	37.62
	-13.50
	-14.9
	-17.86
	-18.55
	-19.03
	-0.1471
	32.2163

	6
	0.6
	35.27
	-13.59
	-14.97
	-17.90
	-18.61
	-19.09
	-0.1464
	31.9192

	7. 
	0.7
	35.49
	-13.80
	-15.13
	-18.03
	-18.81
	-19.17
	-0.1442
	31.0306
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Fig (5)
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Fig (6)
Polarization curves:
  Representation Tafel polarization curve for MS in 0.5 M sulfuric acid with different concentration. Electrochemical parameters are obtained by from extrapolation method. Corrosion current density and Ecorr of all the concentration are reported in table (7). Examination of the data shows that for all the concentration the Ecorr value is less than the blank and maximum decrease in Ecorr value was obtain at 0.7 % concentration The values of maximum inhibitor efficiency are lower than that obtain by the gravimetric test and EIS because they are recorded at much shorter time interval and reflect the corrosion behavior at the earlier stage.
The polarization curve shows an increase in both anodic and cathodic polarization indicating of mixed type of control. There is a slight shift in corrosion potential in the anodic direction in the presence  of inhibitor when compared to that of absence of inhibitor the anodic tafel slope is increased while the cathodic slope is remain unaffected with the addition of inhibitor. 

Impedance measurements:

 
Impedance diagram obtained for mild steel in the absence and presence of inhibitors are shown in figure ( 8 )  the parameter derived from the plot are given in table (8) it is seen from the figure that impedance diagram are not perfect semicircle  and the difference has been attributed to frequency dispersion. The charge transfer resistance increase with increasing inhibitor concentration. The Rp value also increased with concentration. These trends are supportive to the increase in IE with concentration the decrease in Cdl value indicates the adsorption of inhibitive molecule at the metal solution interface.
TABLE (7)
ELECTROCHEMICAL PARAMETERS OF MILD STEEL IN PRESENCE OF THE EXTRACT OF THE WB OF 0.5M H2SO4
	S.No
	Conc of inhibitor

  (%)
	I corr
    (10-3) (Amp/Cm2)
	     ba

 (mV/Dec)
	    bc

 (mV/Dec)
	E Corr

(mV/Sec)
	IE (%)

	1.
	Blank
	2. 96085
	185.49
	185.490
	-486.8
	    -

	2.
	0.1
	0. 87112
	148.20
	  96.567
	-475.0
	70.575

	3.
	0.2
	0. 77127
	164.43
	  90.309
	-231.5
	73.950

	4.
	0.3
	0.69091
	143.41
	  89.701
	-473.0
	76.664

	5.
	0.4
	0. 55257
	149.77
	  85.990
	-473.3
	81.337

	6.
	0.5
	0. 69943
	204.33
	  89.442
	-229.8
	76.376

	7.
	0.6
	0. 77370
	227.75
	  91.742
	-470.5
	73.868

	8.
	0.7
	0. 59145
	319.69
	  87.439
	-470.8
	80.023


TABLE (8)
ELECTROCHEMICAL PARAMETERS OF MS IN PRESENCE OF EXTRACT OF WB

	S.No
	Conc.of inhibitor (%)                            
	   Rp (Ωcm2)  

	IE (%)
	  Rct

(Ω/cm2  )
	IE (%)
	  Cdl     (f/cm2)  

	    θ

	1.
	Blank
	13.20
	-
	13.94
	-
	0. 158
	0.147

	2.
	0.1
	29.25
	54.86
	59.45
	76.54
	0. 135
	-0.103

	3.
	0.2
	32.83
	59.79
	66.91
	79.16
	0. 174
	-0.092

	4.
	0.3
	35.63
	62.94
	75.91
	81.16
	0. 173
	0.321

	5.
	0.4
	36.77
	64.40
	100.37
	86.10
	0. 107
	0.547

	6.
	0.5
	34.66
	61.91
	102.81
	86.43
	0. 071
	0.364

	7.
	0.6
	34.93
	62.20
	134.64
	89.64
	0. 100
	0.364

	8.
	0.7
	47.10
	71.19
	245.58
	94.32
	0. 061
	0.613


POLARISATION BEHAVIOUR OF MS IN 0.5M H2SO4 WITH WB EXTRACT
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Fig (7)
IMPEDANCE MEACUREMENT OF MS IN 0.5 M H2SO4 WITH WB EXTRACT
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Fig (8)
BODE   PLOTS
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Fig (9)
TABLE (9)
INHIBITOR EFFICIENCY USING WEIGHT LOSS VS ELECTROCHEMICAL MEASUREMENTS

	S.No
	  conc (%)
	Weight loss 
        (%)                 
	   I corr (%)
	    Rp(%)
	      Rct(%)

	    1.
	      0.1
	      92.69
	     70.57
	      54.86
	        76.54

	    2.
	      0.2
	      94.67
	     73.95
	      59.79
	        79.16

	    3.
	      0.3
	      96.46
	     76.66
	      62.94
	        81.16

	    4.
	      0.4
	      97.11
	     81.33
	      64.43
	        86.16

	    5.
	      0.5
	      97.58
	     76.37
	      61.91
	        86.43

	    6.
	      0.6
	      97.58
	     73.86
	      62.24
	        89.64

	    7.
	      0.7
	      97.93
	     80.00
	      71.19
	        94.32
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Fig (10)
MECHANISM OF INHIBITOR:     
The inhibition  action of organic compounds has been frequently discussed  by Mann (1936) ha suggested that organic substances forming onium ions in acidic solutions  are adsorbed on the cathodic sites of the metal surface and interfere with cathodic reaction. According to Machu(1957) protective colloids  are uniformly adsorbed on the entire  metal surface  most organic inhibitor  are compounds  with  at least one polar unit, having atoms of N,O,S. The polar unit is usually regarded as the reaction centre for the chemisorptions process.
Wheat bran studied to be rich in  protein (15.75%).The other constituents are fat (3.77%), fibre(16.38%), phytic acid (3.94%) along with vitamins A ,C, B2, B3,E and metal ions likes Ca , Cu, Zn, Mn, and Fe.
Adsorption of these constituents may occur through their N and O active centers. During the extract   preparation amino acids are liberated due to the hydrolysis of proteins .they have electron donating NH2 group and could be adsorbed on metal by electron donation and by bridging with the active hydrogen atom attached N atom.
One of the constituents phytic acid (inositol heakisphoshate(IP6)) contains numerous  OH group around the molecules. This makes it more ready to form strong links with hydrogen. In   addition they can form complexes with metallic cations such as Ca, Cu, and Fe. These complexes can causes blocking the micro anodes and micro cathodes that are generated on the metal surface when in extract with acid. So can retard the subsequent   dissolution of the metal.

  SUMMARY AND CONCLUSIONS                                                     
5.   SUMMARY AND CONCLUSIONS

 Corrosion poses perennial problems to big industries like petrochemicals, fertilizers, nuclear establishments as well as smaller industries like dyestuffs, pharmaceuticals, food processing etc. Necessary steps to prevent corrosion are imperative from the point of view of economy and conservation of metals for a better and longer utilization.
Considerations such as cost of effectiveness, eco- friendliness, biodegradability less toxicity and easy availability have initialized the trend of using plant extracts as corrosive inhibitors. In this present study the wheat bran extract has been explored for its inhibitive   action on mild steel in acid medium.

The inhibitor was evaluated using weight loss method, polarization studies and electro chemical impedance spectroscopy. The evaluation was carried out with various concentrations of the extract for various immersion temperatures.

The inhibitor showed maximum inhibition efficiency at 0.7%   concentration. The IE increased with increasing time of immersion. The IE decreased with prolonged time of immersion after an optimum point. The extract showed an increase in IE with temperature from303K to 353K. The system obeyed langmuir isotherm indicating that it inhibitor corrosion by an adsorption mechanism.

The activation energy optimum concentration was than that of the acid. The free energy adsorptions always were negative. The negative value shows the spantanity of the process and the strong interaction of the inhibitor molecules on the metal surface.

 The negative value of ∆s ads could be attributed to the orderly arrangement of the inhibitor molecule on the metal surface due to adsorption. The extract has affected both the anodic and cathodic reactions. The charge transfer resistance calculated from impedance studies increased with increase in inhibitor concentration and double layer capacitance decreased with increase in inhibitor concentration .this indicates the increase in the adsorption of inhibitor on the metal surface.

A probable mechanism has been proposed for the inhibition. Thus WB extract was proved to be an efficiency inhibitor which can be safely used with less toxic effects and pollution problems.
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VARIATION OF IE AS A FUNCTIONOF TEMPERATURE
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