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INTRODUCTION 

1. INTRODUCTION TO CORROSION

             The word corrosion is as old as the earth, but it has been known by different names. Corrosion is known commonly as rust, an undesirable phenomena, which destroys the luster and beauty of objects and shortens their life. 

            A Roman philosopher, Pliny (AD 23–79) wrote about the destruction of iron in his essay ‘Ferrum Corrumpitar.’ Corrosion since ancient times has affected not only the quality of daily lives of people, but also their technical progress. There is a historical record of observation of corrosion by several writers, philosophers and scientists, but there was little curiosity regarding the causes and mechanism of corrosion until Robert Boyle wrote his ‘Mechanical Origin of Corrosiveness.’ 

              Philosophers, writers and scientists observed corrosion and mentioned it in their writings, Pliny the elder (AD 23–79) wrote about Spoiled iron. Herodotus (fifth century BC) suggested the use of tin for protection of iron. Austin (1788) noticed that neutral water becomes alkaline when it acts on iron. Thenard (1819) suggested corrosion as an electrochemical phenomenon. Hall (1829) established that iron does not rust in the absence of oxygen. Davy (1824) proposed a method for sacrificial protection of iron by zinc. De la Rive (1830) suggested the existence of micro cells on the surface of zinc. The most important contributions were later made by Faraday (1791–1867) [1] who established a quantitative relationship between chemical action and electric current. Faraday’s first and second laws are the basics for the calculation of corrosion rates of metals.

             Ideas on corrosion control started to be generated at the beginning of nineteenth century. Whitney (1903) provided a scientific basis for corrosion control based on electrochemical observation. As early as in eighteenth century it was observed that iron corrodes rapidly in dilute nitric acid but remains unattacked in concentrated nitric acid. Schonbein in 1836 showed that iron could be made passive. It was left to U. R. Evans to provide a modern understanding of the causes and control of corrosion based on his classical electrochemical theory in 1923. Considerable progress towards the modern understanding of corrosion was made by the contributions of Evans, Uhlig and Fontana. 
1.1 WHAT IS CORROSION

Corrosion is the deterioration of materials by chemical interaction with their environment. The term corrosion is sometimes also applied to the degradation of plastics, concrete and wood, but generally refers to metals. The most widely used metal is iron (usually as steel) and the following discussion is mainly related to its corrosion.

1.2 CORROSIVE ENVIRONMENT
Corrosion cannot be defined without a reference to environment. All environments are corrosive to some degree. Following is the list of typical corrosive environments:

· Air and humidity






· Fresh, distilled, salt and marine water

· Natural, urban, marine and industrial atmospheres 

· Steam 

· Chlorine

· Ammonia

· Hydrogen sulfide

· Sulfur dioxide and oxides of nitrogen

· Fuel gases

· Acids

· Alkalis 

· Soils

1.3 FIVE GOOD REASONS TO STUDY CORROSION
(1) Materials are precious resources of a country. Our material resources of Iron, Aluminum, Copper, Chromium, Manganese, Titanium, etc. are dwindling fast. Some day there will be an acute shortage of these materials. An impending metal crisis does not seem anywhere to be a remote possibility but a reality. There is bound to be a metal crisis and we are getting the signals. To preserve these valuable resources, we need to understand how these resources are destroyed by corrosion and how they must be preserved by applying corrosion protection technology.

(2) Engineering knowledge is incomplete without the knowledge of corrosion. Aero planes, ships, automobiles and other transport carriers cannot be designed without any recourse to the corrosion behavior of materials used in these structures.

(3) Several engineering disasters, such as crashing of civil and military aircraft, naval and passenger ships, explosion of oil pipelines and oil storage tanks, collapse of bridges and decks and failure of drilling platforms and tanker trucks have been witnessed in recent years. Corrosion is a very important factor in these disasters. The knowledge of corrosion protection can minimize such disasters. 

(4) The designing of artificial implants for the human body requires a complete understanding of the corrosion science and engineering. Surgical implants must be very corrosion-resistant because of corrosive nature of human blood & fluids.
(5) Corrosion is a threat to the environment. For instance, water can become contaminated by corrosion products and unsuitable for consumption. Corrosion prevention is integral to stop contamination of air, water and soil. 
1.4 FORMS OF CORROSION
The forms of corrosion described here are the terminology in use at NASA-KSC (National Aeronautics and Space Act-Kennedy Space Center) there are other equally valid methods of classifying corrosion, and no universally accepted terminology are in use.  Keep in mind that a given situation may lead to several forms of corrosion on the same piece of material.

	Illustration
	Form of Corrosion

	


	Uniform Corrosion
This is also called general corrosion. The surface effect produced by most direct chemical attacks (e.g., as by an acid) is a uniform etching of the metal.

	


	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.

	


	Concentration Cell Corrosion
Concentration cell corrosion occurs when two or more areas of a metal surface are in contact with different concentrations of the same solution.

	


	Pitting Corrosion 

Pitting corrosion is localized corrosion that occurs at microscopic defects on a metal surface. The pits are often found underneath surface deposits caused by corrosion product accumulation.

	


	Crevice Corrosion 

Crevice or contact corrosion is the corrosion produced at the region of contact of metals with metals or metals with nonmetals. It may occur at washers, under barnacles, at sand grains, under applied protective films, and at pockets formed by threaded joints.

	


	Filiform Corrosion 

This type of corrosion occurs on painted or plated surfaces when moisture permeates the coating. Long branching filaments of corrosion product extend out from the original corrosion pit and cause degradation of the protective coating.

	


	Intergranular Corrosion 

Intergranular corrosion is an attack on or adjacent to the grain boundaries of a metal or alloy.

	


	Stress Corrosion Cracking 

Stress corrosion cracking (SCC) is caused by the simultaneous effects of tensile stress and a specific corrosive environment. Stresses may be due to applied loads, residual stresses from the manufacturing process, or a combination of both.

	


	Corrosion Fatigue 

Corrosion fatigue is a special case of stress corrosion caused by the combined effects of cyclic stress and corrosion. No metal is immune from some reduction of its resistance to cyclic stressing if the metal is in a corrosive environment.

	


	Fretting Corrosion 

The rapid corrosion that occurs at the interface between contacting, highly loaded metal surfaces when subjected to slight vibratory motions is known as fretting corrosion.
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	Erosion Corrosion
Erosion corrosion is the result of a combination of an aggressive chemical environment and high fluid-surface velocities.

	


	Dealloying 

Dealloying is a rare form of corrosion found in copper alloys, gray cast iron and some other alloys. Dealloying occurs when the alloy loses the active component of the metal and retains the more corrosion resistant component in a porous "sponge" on the metal surface.

	


	Hydrogen Damage 

Hydrogen embritlement is a problem with high-strength steels, titanium and some other metals. Control is by eliminating hydrogen from the environment or by the use of resistant alloys.

	


	Corrosion in Concrete 

Concrete is a widely used structural material that is frequently reinforced with carbon steel reinforcing rods, post-tensioning cable or prestressing wires. The steel is necessary to maintain the strength of the structure, but it is subject to corrosion.

	


	Microbial Corrosion
Microbial corrosion (also called microbiologically-influenced corrosion or MIC) is corrosion that is caused by the presence and activities of microbes. This corrosion can take many forms and can be controlled by biocides or by conventional corrosion control methods.


1.5 ELECTROCHEMICAL CORROSION THEORY
One way to understand the structure of metals on the basis of particles is to imagine an array of positively charged ions sitting in a negatively charged "gas" of free electrons. Columbic attraction holds these oppositely charged particles together, but the positively charged ions are attracted to negatively charged particles outside the metal as well, such as the negative ions (anions) in an electrolyte.

For a given ion at the surface of a metal, there is a certain amount of energy to be gained or lost by dissolving into the electrolyte or becoming a part of the metal, which reflects an atom-scale tug-of-war between the electron gas and dissolved anions. The quantity of energy strongly depends on a host of variables, including the types of ions and its concentrations in solution and the number of electrons present at the metal's surface. In turn, corrosion processes cause electrochemical changes, meaning that they strongly affect all of these variables. The overall interaction between electrons and ions tends to produce a state of local thermodynamic equilibrium that can often be described using basic chemistry and knowledge of initial conditions.
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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From the above theory it should be apparent that there are four fundamental components in an electrochemical corrosion cell an anode, a cathode, a conducting environment for ionic movement (electrolyte), and an 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.
1.6 CORROSION CONSEQUENCES
Corrosion has many serious economic, health, safety, technological, and cultural consequences to our society. 

ECONOMIC EFFECTS
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The collapsed Silver Bridge, as seen from the Ohio side

Rust is associated with degradation of iron-based tools and structures. As rust has a much higher volume than the originating mass of iron, its build-up can also cause failure by forcing apart adjacent parts, this phenomenon sometimes known as "rust smacking". It was the cause of the collapse of the Mianus river bridge in 1983, when the bearings rusted internally and pushed one corner of the road slab off its support. Rust was also an important factor in the Silver Bridge disaster in1967 at West Virginia, where a steel suspension bridge collapsed in less than a minute, killing 46 persons on the bridge at the time.




The Kinzua Bridge after it collapsed

Kinzua Bridge in Pennsylvania was blown down by a tornado in 2003 largely because the central base bolts holding the structure to the ground had rusted away, leaving the bridge resting by gravity alone.

Similarly, corrosion of concrete-covered steel and iron can cause the concrete to spall, creating severe structural problems. It is one of the most common failure modes of reinforced concrete bridges
HEALTH EFFECTS

Recent years have seen an increasing use of metal prosthetic devices in the body, such as pins, plates, hip joints, pacemakers, and other implants. New alloys and better techniques of implantation have been developed, but corrosion continues to create problems. Examples include failures through broken connections in pacemakers, inflammation caused by corrosion products in the tissue around implants, and fracture of weight-bearing prosthetic devices. An example of the latter is the use of metallic hip joints, which can alleviate some of the problems of arthritic hips. The situation has improved in recent years, so that hip joints which were was limited to persons over 60 at first and being used in younger persons, because they will last longer. 

SAFETY EFFECTS
An even more significant problem of corrosion is the failure of structures, which can result in severe injuries or even loss of life. Safety is compromised by corrosion contributing to failures of bridges, aircraft, automobiles, gas pipelines etc., the whole complex of metal structures and devices that make up the modern world. 

TECHNOLOGICAL EFFECTS

The economic consequences of corrosion affect technology. A great deal of the development of new technology is held back by corrosion problems because materials are required to withstand, in many cases simultaneously, higher temperatures, higher pressures and more highly corrosive environments. Corrosion problems that are less difficult to solve affect solar energy systems, which require alloys to withstand hot circulating heat transfer fluids for long periods of time and geothermal systems, which require materials to withstand highly concentrated solutions of corrosive salts at high temperatures and pressures. Another example, the drilling for oil in the sea and on land, involves overcoming such corrosion problems as sulfide stress corrosion, microbiological corrosion, and the vast array of difficulties involved in working in the highly corrosive marine environment. In many of these instances, corrosion is a limiting factor preventing the development of economically or even technologically workable systems. 

CULTURAL EFFECTS

International concern was aroused by the disclosure of the serious deterioration of the artistically and culturally significant gilded bronze statues in Venice, Italy. Corrosive processes will accelerate the deterioration of precious artifacts such as those in Venice by the highly polluted environments that now are prevalent in most of the countries of the world. Likewise, inside the world's museums conservators and restorers labor to protect cultural treasures against the ravages of corrosion or to remove its traces from artistically or culturally important artifacts.

1.8 METHODS OF PROTECTION FROM CORROSION

APPLIED COATINGS
Plating, painting, and the application of enamel are the most common anti-corrosion treatments. They work by providing a barrier of corrosion-resistant material between the damaging environment and the (often cheaper, tougher, and/or easier-to-process) structural material. Aside from cosmetic and manufacturing issues, there are tradeoffs in mechanical flexibility versus resistance to abrasion and high temperature. Platings usually fail only in small sections, and if the plating is more noble than the substrate (for example, chromium on steel), a galvanic couple will cause any exposed area to corrode much more rapidly than an unplated surface would. For this reason, it is often wise to plate with a more active metal such as zinc or cadmium. Painting either by roller or brush is more desirable for tight spaces; spray would be better for larger coating areas such as steel decks and waterfront applications. Flexible polyurethane coatings, like Durabak-M26 for example, can provide an anti-corrosive seal with a highly durable slip resistant membrane. Painted coatings are relatively easy to apply and have fast drying times although temperature and humidity may cause dry times to vary.

REACTIVE COATINGS
If the environment is controllable (especially in recirculating systems) corrosion inhibitor can often be added to it. These form an electrically insulating and/or chemically impermeable coating on exposed metal surfaces, to suppress electrochemical reactions. Such methods obviously make the system less sensitive to scratches or defects in the coating, since extra inhibitors can be made available wherever metal becomes exposed. Chemicals that inhibit corrosion include some of the salts in hard water (Roman water systems are famous for their mineral deposits) chromate phosphates polyaniline other conducting polymer and a wide range of specially-designed chemicals that resemble surfactants (i.e. long-chain organic molecules with ionic end groups).




This figure descender is annodized with a yellow finish. Climbing equipment is available in a wide range of anodized colors.

ANODIZATION
Aluminium alloys often undergo a surface treatment. Electrochemical conditions in the bath are carefully adjusted so that uniform pores of several nanometers wide appear in the metal's oxide film. These pores allow the oxide to grow much thicker than passivating conditions would allow. At the end of the treatment, the pores are allowed to seal, forming a harder-than-usual surface layer. If this coating is scratched, normal passivation processes take over to protect the damaged area. Anodizing is very resilient to weathering and corrosion, so it is commonly used for building facades and other areas that the surface will come into regular contact with the elements. Whilst being resilient, it must be cleaned frequently. If left without cleaning panal edge staining will naturally occur.

CONTROLLED PERMEABILITY FORMWORK
 
Controlled Permeability Formwork (CPF) is a method of preventing the corrosion of reinforcement by natural, enhancing the durability of the cover during concrete placement.CPF has been used in environments to combat the effects of carbonation, chlorides, frost and abrasion.

CATHODIC PROTECTION
 Cathodic Protection (CP) is a technique to control the corrosion of a metal surface by making that surface as cathode for electrochemical cell. Cathodic protection systems are most commonly used to protect steel, water and fuel pipeline and tanks; steel pier piles ships and offshore oil platforms.

SACRIFICIAL ANODE PROTECTION



Sacrificial anode in the hull of a ship

              For effective CP, the potential of the steel surface is polarized (pushed) more negative until the metal surface has a uniform potential. With a uniform potential, the driving force for the corrosion reaction is halted. For galvanic CP systems, the anode material corrodes under the influence of the steel and eventually it must be replaced. The polarization is caused by the current flow from the anode to the cathode, driven by the difference in electrochemical potential between the anode and the cathode.

IMPRESSED CURRENT CATHODIC PROTECTION
          For larger structures, galvanic anodes cannot economically deliver enough current to provide complete protection. Impressed Current Cathodic Protection (ICCP) systems use anodes connected to a DC power source (such as a cathodic protection rectifier). Anodes for ICCP systems are tubular and solid rod shapes of various specialized materials. These include high silicon cast iron, graphite, mixed metal oxide or platinum coated titanium or niobium coated rod and wires.

ANODIC PROTECTION
         Anodic protection impresses anodic current on the structure to be protected (opposite to the cathodic protection). It is appropriate for metals that exhibit passivity (e.g., stainless steel) and suitably small passive current over a wide range of potentials. It is used in aggressive environments, e.g., solutions of sulfuric acid.

1.13 CORROSION INHIBITION - THE 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 in the metal from the attacked corrosive medium. 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 and 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 of plants 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.
SELECTION OF INHIBITOR
 
Corn silk is the long styles and stigmata of the flower pistils. The stigmas are the fine soft, yellowish threads from the female flowers and are usually four to eight inches long. It is gathered when the plant has shed its pollen.
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USES OF CORN SILKS

Corn silk has often been used as a tea, but also powdered as a food additive. It has also been use as a flavor component for some major food products and face powders.

Corn silk is sweet and easy to chew. In Mexico the silky filaments just inside the husk are sold in bulk as good food and safe medicine for renal problems in adults and children. Corn silk minimizing edema (water retention), gout, cystitis, lowering blood pressure even helping rheumatism symptoms. Its chief claim to fame is its potent antiprostatitis capability. Helping and remedying urinary problems seem its forte.  Corn Silk is the silky tassel inside the corn husk - not often considered a food, but it is highly regarded in herbology as a valuable support for the urinary system. Corn Silk contains iron, silica, potassium and vitamins B, C and K. It also contains moderate amounts of zinc, calcium, magnesium, and phosphorus. 
WORLD WIDE USE OF CORN SILK:
China: Diabetes, Diuretic, Dropsy, Hypertension, Gravel, Urogenital, Stomachic, Strangury 
Elsewhere: Analgesic, Antiseptic, Astringent, Diabetes, Diuretic, Liqueur, Lithontriptic, Litholytic, Panacea, Pneumonia, Shampoo, Stomachache, Tumor, Wart 
Haiti: Alexiteric, Bright's Disease, Cardiac, Cystitis, Diuretic, Gout, Hepatitis, Inflammation, Intoxicant, Metritis, Nephritis, Renitis, Rheumatism, Soap, Stone, Urogenital 
Trinidad: Amenorrhea, Analgesic, Antiseptic, Diuretic, Dysentery, Dysmenorrhea, Flu, Gum, Lithontriptic, Menorrhagia, Oliguria.

Turkey: Antidote (Bromine), Alterative, Anodyne, Demulcent, Diuretic, Litholytic, Stimulant, Stomachic.

US: Cyanogenetic, Soap, Wart
Corn silk is effective either fresh or dried. Laboratory analysis reveals high amounts of silicon, potassium, calcium, magnesium, iron and phosphorus. It is also an excellent source of B vitamins and PABA (p-Amino Benzoic Acid).Along with chlorophyll, resin and a fixed oil, maizenic acid is the active principle in Corn Silk. Vitamin K is used by the body's mechanism that controls bleeding. 

Baby corn silks contain the high amount of silicon and phosphorus.However corrosion inhibitor must contain these elements and baby corn silk is the cheap and low cost materials to produce corrosion inhibitor. So I choose the baby corn silks used as corrosion inhibitor.

PLANT PROFILE 
Common name
:
solam

Kingdom
:
plantae-plants

Subkingdom
:
Tracheobionta-Vascular plants

Super division
:
Spermatophyta-Seed plants

Division
:
Magnoliophyta-Flowering plants

Class

:
Liliopsida – Monocotyledons

Subclass
:
Commelinidae
Order

:
Cyperales
Family

:
Poaceae – Grass family

Genus

:
Zea L. – corn

Species
:
Zea mays L. – corn

Parts used
:
silks (stigmas)
Chemical constituents: Cons silk contains fatty acid 2.5% volatile oil 0.12% gum 3.8% resin 2.7% saponins 3.18% alkaloids 0.05% silicon B vitamins, PABA (p-Amino Benzoic Acid) and moderate amounts ofiron, zinc, potassium, calcium, magnesium and phosphorus. Others including Allantoin, Anthocyanins, Calcium, Cryptoxanthin, Glycoproteins, Plantacids, Potassium, Saponins, Sugars, Vitamin C, Vitamin K , flavonoids, chlorogenic acid, saponins, volatile oil, fixed oil, resin, sugars, phytosterols, allantoin, tannin, Resin, Sterols, minerals (especially potassium). 
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OBJECTIVES

· To identify the optimum concentration of the extract for maximum inhibitor efficiency.

· To evaluate the consistent performance of the inhibitor with time.

· To study the effectiveness of the inhibitors at higher temperature.

· To calculate the kinetic and thermodynamic parameters of corrosion.

· To select the proper adsorption isotherm to fit the data’s.

· To assess the performance by electrochemical measurements.

· To suggest a possible mechanism.

REVIEW OF LITERATURE

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

Acid solution are widely used in chemical laboratories and in several industrial processes such as acid pickling, acid cleaning, acid de-scaling and oil wet cleaning etc. Corrosion inhibitors are generally used to reduce the corrosion rates. Most of the well known acid inhibitors are organic compounds containing electron donor atoms particularly nitrogen sulfer oxygen in their functional groups with aromatic and heterocyclic rings. But unfortunately most of these compounds are not only expensive but also toxic to living beings. It is needless to point out the importance of cheap, safe inhibitors of corrosion.

Thus a new branch of environmental chemistry has emerged which provides environmental friendly corrosion inhibitors specifically termed as “Green inhibitors”, Green inhibitors are non toxic, biodegradable and eco-friendly and have proven effectiveness in controlling the corrosion of steel, stainless steel, mild steel, iron, aluminium, copper, 2024-T3 aluminium alloy, steel in concrete structure, carbon steel, AA5083 Al-Mg alloy, nickel and zinc. The inhibitive effect of some plant on the surface of the metals which protect the metal surface and thus do not permit the corrosion process to take place.

This thesis seeks to investigate effective and environmentally safe inhibitors such as BCS on corrosion of mild steel in sulphuric acid medium. In this direction natural products as corrosion inhibitors reviewed here.

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 Callistemon (leaves) for mild steel in 1M HCl. The extracts were effective at high concentration and at room temperature. The polarization curves showed as of mixed type inhibitor.
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 isotherm.

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.
Subhashini et al., (2002) reported the inhibitive effect of acid extract of Sesbania grandiflora seeds on the corrosion of mild steel in 1M HCl and 0.5M H2SO4. The inhibitors were tested by mass loss, electrochemical polarization and impedance measurements. The researchers showed the inhibitor efficiency increased with concentration of the 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 authors 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 in the extract.

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 % concentrations of 5 ml extract.
Leguminous seeds are rich in 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 (AA), Adenanthera pavonina (AP), Phaseolus lunatus (PL), Psophocarpus pentagonolobus (PT), Sesbania grandiflora (SG) and Sesbania.

M.G.Sethuraman et al, (2005) reported the corrosion inhibition effect of extract in acidic solution for mild steel by weight loss and electrochemical techniques. The showed significant corrosion inhibitive effect in acid medium ion mild steel. The adsorption of the inhibitor on the metal surface obeyed the Langmuir and Temkin adsorption isotherm. The results of AC impedence and polarization studies were well correlated with the weight loss method.

The corrosion inhibition behaviour of plant extract Ricinus communis (castor-oil plant) was studied by means of weight loss, electrochemical polarization and impedance measurements by Palaniswamy.N et al, (2005) it was found from weight loss measurements that the inhibition efficiency was about 84% with 300ppm of the plant extract. Polarization measurements indicated that the plant extract generally act as cathodic inhibitors.

Corrosion inhibition effect of Eugenol and its derivative acetyleugenol (AcEug) extracted from the nail of giroflier on steel in molar hydrochloric acid has been studied using weight loss measurements, electrochemical polarization and EIS methods. The inhibition efficiency was found to increase upto with 91% at 0.1737g/1 acetyleugenol content. Eugenol compounds act as mixed type inhibitors. The studies showed that the inhibition efficiency increased with increasing extract concentration and with temperature. It obeyed Langmuir adsorption isotherm E.Chaieb et al, (2005).

M.G. Sethuraman et al, (2005) investigated the inhibition efficiency of the extract of strychnos nux-vomica for the corrosion of mild steel in 1M sulfuric acid using weight loss test at 303-323K and electrochemical measurement the surface was analyzed with scanning electro microscope. It was found that the inhibition efficiency was increased with increasing extract concentration and decreased with temperature. 

Corrosion inhibition of mild steel in 2M HCl and 1M H2SO4 by leaf extracts of  Occimum viridis was studied  using the gasometric technique at temperatures of 30 and 600C .The results indicate that the extract inhibited the corrosion process in both acid media and inhibition efficiency increased with concentration. Synergistic effects of halide additives namely KCl, KBr, and KI.Temperature studies revealed a decrease in efficiency with rise in temperature. (Emeka E.Oguzie, 2006).
Corrosion inhibition effect of extract of Chamomile (Chamaemelum mixtum L.), Halfabar (Cymbopogon proximus), Black cumin (Nigella sativa L.), and Kidney bean (Phaseolus vulgaris L.). plants on mild steel in aqueous 1M sulphuric acid were investigated using electrochemical impedance spectroscopy and pontentiodynamic polarization techniques by A.M. Abdel-Gaber et al,(2006) Inhibition was found to increase with increasing concentration of the plant extract upto a critical concentration. Theoretical fitting of different isotherm, Langmuir, Flory-Huggins, and the kinetic-thermodynamic model were tested to clarify the nature of adsorption.

Electrochemical impedance spectroscopy and pontentiodynamic polarization measurements were used to study the effect of aqueous extract of Fenugreek leaves and seeds on the corrosion of mild steel in 2M HCl and H2SO4 solutions. The inhibition efficiency was found to increase with increasing concentration in 2M acids, but after certain concentration of both extract IE decreased with increasing concentration in both acids. In HCl solutions the results obeyed Langmuir adsorption isotherm, where as Temkin adsorption isotherm was followed in H2SO4 solutions. Ehteram A.Noor (2006).

Efficiency of acid extract of dry seeds of Erythrina Suberosa as corrosion inhibitor for mild steel in 1N HCl medium was investigated by V.G.Vasudha et al, (2006).The results indicated that Erythrina Suberosa seeds as good corrosion inhibitor of mixed type and having efficiency as high as 98% at 1% inhibitor concentration. Adsorption revealed that it obeys Temkin, Freundlich, Langmuir and Flory-Huggins isotherm.

R.Subha et al, (2006) have studied the influence of Calendula Officinalis towards the corrosion of mild steel in 1M HCl by weight loss method and polarization technique. The results showed that the inhibition efficiency of the compound was found to vary with the concentration of the inhibitor, immersion time and temperature. The maximum efficiency 94.67% was found at 0.5% concentration of the inhibitor after 2hours.

The inhibitive effect of the extract of Khillah (Ammi visnaga) seeds on the corrosion of SX 316 steel IM HCl solution was determined using weight loss measurement as well as potentiostatic technique by A.Y.EI-Etre (2006) the studies proved that the inhibition efficiency increased as the extract concentration is increased. The researcher has reported that the negative values for the energy of adsorption indicated the spontaneity of the adsorption process.

Azadirachta indica leaves extract was investigated as a copper corrosion inhibitor in 0.5 M H2SO4 the inhibition properties were studied using electrochemical polarization and weight loss techniques. The highest inhibition efficiency was exhibited by the extract is 86.4%.The weight loss results were interpreted by means of the Frumkin adsorption isotherm. L.Valek et al, (2007).

The inhibition effect of Zenthoxylum alatum plant extract on the corrosion of mild steel in 5% and 15% aqueous hydrochloric acid solution has been investigated by weight loss and electrochemical impedance spectroscopy by L.R.Chauhan et al, (2007). The effect of temperature on the IE of plant extract was also studied in the temperature range 50-800C. Inhibition efficiency was found to increase with increase in extracts concentration till 2400 ppm. The adsorption of the inhibitor on the metal surface obeyed the Langmuir adsorption isotherm.

EI-Etra A.Y. et al, (2007) have investigated the inhibitive action of the aqueous extract of olive leaves (Olea europaea L.) towards the corrosion of C-steel in 2M HCl Solution by 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 increased with increasing extract concentration and decreased with temperature. The experimental data obeyed the Langmuir adsorption isotherm.

The inhibitive effect of ethanol extracts of Garcinia kola for the corrosion of mild steel in 1M H2SO4 solution was studied by hydrogen evolution technique at 30-60oC it was found that the inhibition efficiency was increased with increasing extract concentration and decreased with temperature. The inhibition efficiency increased on addition of potassium iodide to extract indicating synergism. The experimental data obeyed the Langmuir adsorption isotherm. Osabor, V.I et al, (2007).
The inhibition effect of Datura stamonium extract has studied for corrosion of mild steel in HCl and H2SO4 media at different temperature by Pandian Bothi raja et al,(2007). The anticorrosion effect was evaluated by conventional weight loss studies, electrochemical studies viz.,Tafel polarization, AC impedance, and SEM studies. The studies revealed that the plant extract acts as a good inhibitor in both the acid media and better in H2SO4 medium. The studies showed that the inhibition efficiency was increased with increasing extract concentration and with temperature.

O.K.Abiola et al, (2007) investigated the inhibitive effect of Delonix regia extract on the corrosion of aluminium in HCl. The inhibition efficiency was evaluated using the hydrogen evolution technique at 300C the inhibition efficiency increased with increasing concentration of the inhibitor but decreased with increase in exposure time and it obeyed the Langmuir adsorption isotherm. The researchers observed a maximum efficiency of 93.6%.

The inhibitive action of leaf extract of Sansevieria trifasciata on aluminium corrosion in 2M HCl and 2M KOH solutions was studied using gasometric technique. Synergistic effects increased the inhibition efficiency in the presence of halide additives. The results indicated that the inhibition efficiency increased with concentration and decreased with increasing temperature. The results were approximated by Freundlich isotherm. E.E.Oguzie (2007).

Acid cleaning of mild steel dissolution by 1M sulfuric acid and 10% methanol in presence of Arghel herb extract as green inhibitor were monitored by potentiodynamic and electrochemical impedance techniques in the temperature range 30-600C. The results showed that at all temperature, the corrosion rate decreased with increasing inhibitor concentration. Potentiodynamic polarization measurements indicated the inhibitor as mixed type inhibitor. E.Khamis et al, (2007).

Pandian Bothi raja et al, (2008) have observed the performance of black pepper extract on mild steel in 1M H2SO4 it was evaluated by conventional weight loss studies (303-323K), electrochemical studies viz.,Tafel polarization, AC impedance and scanning electron microscope (SEM) studies. Results of weight loss study revealed that black pepper extract acts as a good inhibitor even at high temperature and it obeys Temkin adsorption isotherm.

Estimation of the performance of acid extracts of poultry waste (Henfeather) on the corrosion inhibition of mild steel in 0.5 M H2SO4 at ambient temperature was done 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 0.5% concentration of the hen feather extract. Experimental results were fitted to Langmuir adsorption isotherm. Electrochemical studies confirm the inhibitive nature of hen feather extract and also the mixed nature of inhibitor.

The inhibitive action of the aqueous extract of the root of shirsh et zallouh (Ferulaharmonis) towards the corrosion of C-steel in HCl solution was investigated by A.Y.EI-Etre (2008) The inhibition efficiency was measured using weight loss and pontentiostatic polarization technique. The electrochemical behaviour of the extract was investigated using cyclic voltammetry. The inhibition efficiency increased with increasing extract concentration and decreased with temperature. The adsorption of the extract components on the C-steel surface followed Langmuir adsorption isotherm.

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

The inhibitive action of leaves, seeds and a combination of leaves and seeds extract of Phyllanthus amarus on mild steel in HCl and H2SO4 solutions was studied using weight loss and gasometric techniques by Okafora P.C.et al, (2008) Inhibition efficiency was found to increase with increase in extracts concentrations as well as with rise in temperature. The adsorption characteristics of the inhibitors were approximated by Temkin isotherm.

R.Rajalaksmi et al., (2008) studied the role of seed extract of Phaseolus aureus on corrosion of mild steel in 1M HCl by weight loss method and Potentiodynamic polarization technique. The potentiodynamic method revealed that the seed extract behaved like mixed type inhibitors.

Emeka E.Oguzie, (2008) studied the inhibitive behaviour on mild steel in 2M HCl and 1M H2SO4 by leaf of Occimum viridis, Telferia occidentalis, Azaditachta indica and Hibiscus sabdariffa and extract from the seeds of Garcinia kola by gasomeric technique at 300 and 600C Inhibition efficiency was found to increase with increase in extract concentration. Synergistic effects increased the inhibition efficiency in the presence of halide additives.

Evaluation of the performance of acid extract of Ficus Benghalensis bark on the corrosion inhibition of mild steel in 2N, 3N and 4N HCl medium at different temperature were studied by Subahini S.et al, (2008) Weight loss, electrochemical polarization and impedance measurements techniques were conducted. The efficiency of the inhibitor was noticed to increase with increase in concentration of the inhibitors.

I.Radojcic et al, (2008) studied the influence of natural honey (chestnut and acacia) and natural honey with black radish juice, on corrosion of tin in aqueous and sodium chloride solutions using weight loss and polarization techniques. The inhibition efficiency of acacia honey was lower than that of chestnut honey, while the addition of black radish juice increased the inhibition efficiency of both honey varieties.

Karthikaiselvi. R. et al., (2009) studied the inhibitive effect of Myristica Frangans on mild steel in 1M HCl by weight loss, Dc polarization method and AC impedance spectroscopy. Results indicated that the inhibition efficiency of extract increased with increase in inhibitor concentration and with temperature. The adsorption followed Langmuir adsorption isotherm. Electrochemical measurements revealed the extract acts as a mixed type inhibitor.
The inhibiton effect of the naturally occurring biological molecule Caffeic acid on the corrosion inhibition of mild steel in 0.1 M H2SO4 was investigated by F.S.de Souza et al, (2009) Weight loss, potentiodynamic polarization, electrochemical impedance and Raman spectroscopy techniques were conducted and confirmed that the adsorption of caffeic acid onto the mild steel surface enhances the inhibition of the corrosion process. Caffeic acid inhibited corrosion by decreasing the available cathodic reaction area and modified the activation energy of the anodic reaction.

Anti corrosion properties of natural honey on AI-Mg-Si alloy in seawater were evaluated by potentiodynamic polarization, linear polarization resistance and electrochemical impedance spectroscopy measurements. The various techniques showed that the inhibition efficiency increases with the extract concentration. Polarization data indicated that natural honey as a mixed type corrosion inhibitor LPR and EIS studies showed that there was significant increase in the overall resistance after the addition of natural honey. The results obey the Langmuir adsorption isotherm R.Rosaliza et al, (2009).
A.Ostovari et al,(2009) investigated the corrosion inhibition effect of henna extract (Lawsonia inermis) and its main constituents (lawsone, gallic acid α-d-Glucose and tannic acid) on mild steel in 1M HCl solution through electrochemical techniques and surface analysis (SEM/EDS). Polarization measurements indicated that the compounds act as mixed inhibitors. The inhibition efficiency increase with inhibitor concentration and maximum inhibition efficiency 92.06% was obtained with 1.2g/1 henna extract.

Corrosion inhibition effect of Justicia gendarussa extract on mild steel in 1M HCl medium has been investigated by weight loss and electrochemical techniques by A.K.Satapathy et al, (2009) a maximum efficiency of 93% was observed with 150-ppm concentration at 250C.The polarization studies showed that justicia gendarussa plant extract (JGPE) acts as mixed type inhibitor. The inhibition efficiency of JGPE was discussed in terms of adsorption and protective film formation. The results that the plant extract has the potential to serve as corrosion inhibitor and it obeyed Langmuir adsorption isotherm.

P.B.Raja et al, (2009) explained the inhibition potential of Calotropis procera in sulphuric acid medium on mild steel. The inhibition efficiency effect was studied by weight loss, electrochemical, SEM and UV methods. Calotropis procera has been found to show significant corrosive inhibitive effect. The inhibition is attributed to the adsorption of inhibitor on the surface of mild steel. The results of AC impedance and polarization studies correlate well with the weight loss studies.

Nnabuk Okon Eddy et al, (2009) investigated the inhibitive and adsorption properties of ethanol extract of Tarminalia catappa for the corrosion of mild steel in H2SO4 using weight loss, hydrogen evolution, and infrared methods of monitoring corrosion. The studies revealed that the inhibition efficiency of the inhibitor increases with increasing concentration but decreases with increasing temperature and it obeyed the Langmuir adsorption isotherm. The inhibition potential of ethanol extract of T.catappa was attributed to the presence of saponnin, tannin, phlobatin, anthraquinone, cardiac glycosides, flavanoid, terpene, and alkaloid in the extract.

The effect of the extract of Phyllanthus amarus leaves on the corrosion of aluminium in 2M H2SO4 solution was studied using chemical technique by Olusegun K.Abiola et al, (2009) the studies showed that the inhibition efficiency increase with increasing concentration of the extract and gave a maximum efficiency of 76% at the highest concentration. The Langmuir adsorption isotherm well fitted with the experimental data.

Badiea A.M.et al,(2009) evaluated the effects of radish leaves and black cumin extracts on corrosion behaviour of low carbon steel in industrial water in the temperature range of 30-800C and velocity range of 1.44-2.02 ms-1 using potentiodynamic polarization, EIS and mass loss measurements. The inhibition efficiency increased with increasing concentration of the extract but it slightly decreased with increasing temperature. Values obtained from mass loss and potentiodynamic were in reasonable agreement. Both extract acted as anodic inhibitors SEM indicated that the film formed on the metal surface was smooth. The adsorption behaviour obeyed Flory-Huggins isotherm. A better improvement in protection was obtained by black cumin than that of radish leaves.

The inhibitive effect of lupine (Lupinous albus L.) extract on the corrosion of steel in aqueous solution of 1M H2SO4 and 2M HCl was investigated using potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) techniques by A.M.Abdel-Gaber et al.,(2009) the inhibition efficiency was found to increase with increasing concentration of the extract. 

P.C Okafor et al, (2009) investigated the corrosion inhibitive properties of extract from mature leaves of Combretum bracteosum for the corrosion of mild steel in H2SO4.The inhibition properties were determined by gravimetric and hydrogen evolution measurements at 30-600C the studies revealed that the inhibition efficiency increased with the plant extract concentration and decreased with temperature. The results obeyed the Frumkin adsorption isotherm.

Olusegun. K Abiola et al, (2009) studied the corrosion inhibition properties of Gossypium hirsutum L. leave extract and seed extract on aluminium in 2M NaOH solutions using electrochemical technique. The studies revealed that the leave extract (GLE) was found to be more effective then the seed extract (GSE) the GLE gave 97% inhibition efficiency while the GSE gave 94% at the highest concentration.

The corrosion inhibition of aluminium in HCl solution in the presence of exudates gum from Raphia hookeri at temperature range of 30-600C was studied using weight loss and thermometric techniques. It was found that the inhibition efficiency increases with increase in inhibitor concentration but decreases with increase in temperature. The axudate gum was found to obey Temkin adsorption isotherm S.A.Umoren et al, (2009).

Karthikaiselvi R.et al.,(2009) studied the inhibitive effect of acid extract of Myristica Frangans on mild steel in 1M HCl by weight loss,DC Polarization method and AC impedance spectroscopy. Results indicated that the inhibition efficiency of extract increased with increase in inhibitor concentration and with temperature. The adsorption of extract followed Langmuir adsorption isotherm. Thermodynamic functions have been evaluated from temperature studies. Electrochemical measurements revealed that extract acts as a mixed type inhibitor.

The inhibition effect of the environmentally friendly corrosion inhibitor polyasparticacid on the corrosion of carbon steel in 0.5M H2SO4 was investigated by weight loss, potentiodynamic polarization, electrochemical impedance spectroscopy, and scanning electron microscopy by Weinheim et al,(2010).The results showed that the inhibition efficiency increases with increasing concentration and the maximum inhibition efficiency was 80.33%.The adsorption of this inhibitor found to follow Freundlich adsorption isotherm.

M.A.Quraishi et al, (2010) has studied the inhibition of the corrosion of mild steel in HCl and H2SO4 solutions by the extract of Murraya koenigii leaves using weight loss, electrochemical impedance spectroscopy (EIS) and 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 behaviour of mild steel in 1M HCl and 0.5 M H2SO4 in the presence of extract were also studied. The activation energy as well as other thermodynamic parameters (Q, ΔH*, and ΔS*) were calculated.

R.Rosliza et al, (2010) measured the effect of tapioca starch to improve the corrosion resistance of AA6061 alloy in seawater by gravimetric, potentiodynamic polarization measurements. The results showed that the tapioca starch significantly decreases the corrosion rates, corrosion current densities (icorr) and double layer capacitance (Cdl), simultaneously increases the values of polarization resistance (Rp) The results revealed that the inhibition efficiency increase with increasing concentration. The Langmuir adsorption isotherm well fitted with the experimental data.

Rajalakshmi et al.,  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 inhibitor increased with increase in concentration.
Rajalakshmi et al., (2010) evaluated the efficacy of Bakery waste – egg shell extract on corrosion mitigation of MS in 0.5M H2SO4   solution by weight loss and electrochemical methods. The extract was found to exhibit good inhibiting properties offering a maximum of 97.8% efficiency. Electrochemical results reveal the mixed mode of inhibition of the egg shell extract.
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 type 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 0.5M H2SO4   by weight loss and electrochemical techniques. The maximum IE was found to be 97.65% and 98.1% in 1M HCl and 0.5M H2SO4    Electrochemical measurements infer that the extract act as mixed type of inhibitor (Vijayalakshmi. P.R et al., 2010).
The inhibitive and adsorptive characteristics of ethanol of Gongronema latifolium as a corrosion inhibitor for mild steel in H2SO4 was studied using thermometric and hydrogen evolution techniques. The results showed that the inhibition efficiency of ethanol extract of GL vary with concentration of the extract, period of immersion and with temperature. It followed the Langmuir adsorption isotherm. N.O.Eddy et al, (2010).

The effect of the extract of Aloe Vera leaves on the corrosion of zinc in 2M HCl solution was studied using weight loss technique by Olusegun. K.Abiola et al, (2010) the results showed that the inhibition efficiency increased with increasing concentration of the extract but decreased with increasing temperature. It obeyed the Langmuir adsorption isotherm.

Patchaiah Kalaiselvi et al, (2010) proved the inhibition efficiency of methanolic extract of Artemisia pallens on corrosion of mild steel in 4N HCl and Conc. HCl Weight loss and polarization techniques were studied in 4N HCl, whilst weight loss, SEM and FT-IR studies were carried out in conc. HCl. Inhibition efficiency was found to increase in extract concentration. The results obey the Langmuir adsorption isotherm. The inhibition efficiency was found to be 93% at 1.5g1-1 in 4N HCl and 96.5% AT 40g1-1 in Conc.HCl.

Evaluation of the effective performance of acid extract of Ervantamia coronaria leaves extract on the inhibition of mild steel in 1M HCl and 0.5M H2SO4   at ambient temperature by Rajalakshmi et al., (2010) using weight loss and electrochemical measurements. Electrochemical studies showed that the plant extracts act as mixed type inhibitors and maximum efficiency extract was found to be 98%.
MATERIALS AND METHODS
3. MATERIALS AND METHODS

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

3.1 SELECTION OF SAMPLES


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


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

TABLE 1

ELEMENTAL ANALYSIS

	S.No
	Elements
	% of Composition in  MS

	1
	Carbon
	0.143

	2
	Manganese
	0.271

	3
	Silicon
	0.041

	4
	Phosphorous
	0.035

	5
	Sulphur
	0.03

	6
	Chromium
	0.002

	7
	Molybdenum
	0.018

	8
	Nickel
	0.006

	9
	Iron 
	99.491


3.3 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.

3.4 SELECTION OF INHIBITORS
The use of inhibitors in corrosion prevention has been well established and numerous inhibitors have been documented. There are numerous naturally occurring substance which assist in corrosion inhibition.

The selection of inhibitor for the present study is based on the following conditions.

· Biodegradability

· Eco friendliness

· Cost effectiveness

· Less toxicity
· Easy availability

3.5 PREPARATION OF INHIBITORS


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

3.6 EQUIPMENT USED

The following equipments were used for this study

· Denvar balance

· Constant temperature water bath (or) thermostat
· Solatron - 1280 B

3.7 TECHNIQUES EMPLOYED

· Physio -  chemical method

· Electrochemical measurements
3.8 PHYSICO CHEMICAL METHOD (WEIGHT LOSS METHOD)


It is one of the oldest conventional 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)

3.9 DETERMINATION OF CORROSION RATE 


Many expressions are available to express the corrosion rate. The widely used expression is measured in milli inches per year using the formula,

C.R (mpy) =534*W/D*AXT
where,

     W
 = 
Weight loss in g

      D
 = 
Density of mild steel in g/ cm2
       A
 = 
Area of the sample in cm2
        T
 =
 Exposure time in hours

3.10 DETERMINATION OF PERCENTAGE OF INHIBITION AND SURFACE COVERAGE


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

                                             I.E (%)
= 
W0-W/W0*100
                                                 
 Ө 
=  
W0-W/W0
Where, 

      WO - Corrosion rate without inhibitor in g

      W   - Corrosion rate inhibitor in g

3.11 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 Ө/ (1- Ө)] – log B

 Where,

   Log B = - 1.74 – (ΔG/ 2.303 RT)

      Ө 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.

3.12 ADSORPTION ISOTHERM


Corrosion inhibition is a surface process with specific adsorption of inhibitor on the metal surface. In recent years, attempts have been made to understand the nature of interaction between the inhibitor and metal surface in terms of adsorption isotherm. The knowledge of the adsorption 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 (Ө/1 – Ө) Vs log C
Temkin 
Ө Vs log C
3.13 ACTIVATION ENERGY (Ea)


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

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


Where R= gas constant 8.314 J/mole

3.14 ELECTROCHEMICAL METHODS - POLARIZATION TECHNIQUES
[image: image26.jpg]




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 MS sample as working electrode. The solatron electro chemical analyzer (model 1280 B) interfaced with IBM computer and corrware software 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.

3.15 TAFEL PLOT 


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


The inhibitor efficiency was calculated using the following equation,   

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

            I.E from LPR technique

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


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

3.16 IMPEDANCE SPECTROSCOPY


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


The I.E can be calculated using the equation,
I.E (%) =Rct (inhibited) – Rct (blank) / Rct (inhibited) * 100

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, Ө can be calculated using the equation,

                        Ө = 1- Cdl (inhibited)/Cdl (blank)


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

RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION
The use of inhibitor for the corrosion of metal and alloys which are in contact with aggressive environment is an accepted factor. Large number of organic compounds where studied and are being studied to investigate their corrosion inhibitor potential. All these studies revealed that organic compounds especially those with Nitrogen, Oxygen and Sulphur showed significant inhibitor efficiency but unfortunately these compounds are not only expensive but also toxic to living beings. It is needless to point out the importance of cheap, safe inhibitors of corrosion.

Plant extract have become important as an environmentally acceptable readily available and renewable source for wide range of inhibitors. They are the rich source of ingredients which have very high inhibition efficiency. In a present study the inhibitive effective of Zay mays. L silks extract in 0.5 M H2SO4 have been investigated. The results obtained are discussed as follows.

4.1 WEIGHT LOSS MEASUREMENTS

EFFECT OF CONCENTRATION AND PERIOD OF IMMERSION ON CORROSION RATE

The free dissolution of mild steel in 0.5M sulphuric acid with and without inhibitor (Zay Mays Silks) for ½ 3 6 12 and 24 hrs at room temperature at 313K was carried out from the weight loss data the corrosion rate (mpy) was calculated in presence of 0.1% to 0.7% of the inhibitors. The corrosion rate of mild steel is decreased appreciably in presence of inhibitor. Table (2) and figure (1) show the variation of corrosion rate with inhibitor concentration. The corrosion rate decreased with increasing concentration for all time of exposure. Minimum corrosion rate (81.06) was observed at 6 hrs with 0.5% extract. The corrosion rate found to decrease with up to 6 hrs of immersion time and then increased slightly. The minimum corrosion rate was observed at 6 hrs of immersion for all the extract concentrations.

TABLE (2)

CR AND IE OF THE CORROSION OF MILD STEEL IN PRESENCE OF BCS AT VARIOUS CONCENTRATIONS FOR DIFFERENT IMMERSION PERIODS
	S.NO
	Conc.

(%)
	1/2hr
	1hrs
	3hrs
	6hrs
	12hrs
	24hrs

	
	
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE (%)
	CR

(mpy)
	IE (%)

	1
	blank
	270.37
	-
	383.75
	-
	623.59
	-
	824.19
	-
	630.13
	-
	734.7
	-

	2
	0.1
	165.71
	38.72
	244.21
	36.36
	250.44
	75.87
	150.91
	81.68
	165.71
	73.7
	221.31
	69.87

	3
	0.2
	148.27
	45.16
	218.04
	43.18
	118.46
	81
	104.22
	87.35
	141.36
	77.56
	118.83
	82.66

	4
	0.3
	148.27
	45.16
	183.15
	52.27
	111.2
	82.16
	95.9
	88.36
	118.83
	81.14
	101.93
	86.12

	5
	0.4
	148.27
	45.16
	170.07
	55.67
	106.11
	82.98
	83.23
	89.9
	94.48
	85
	108.83
	85.18

	6
	0.5
	139.55
	48.4
	130.82
	65.91
	103.2
	83.45
	81.06
	90.16
	92.3
	85.35
	99.93
	86.39

	7
	0.6
	139.55
	48.4
	143.9
	84.61
	95.93
	84.61
	87.2
	89.41
	93.75
	85.12
	91.57
	87.53

	8
	0.7
	139.55
	48.4
	135.18
	82.98
	106.11
	82.98
	87.94
	89.33
	101.02
	83.96
	87.57
	88.08


FIGURE (1)
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4.2 INFLUENCE OF CONCENTRATION OF THE EXTRACT AND IMMERSION TIME ON INHIBITION EFFICIENCY

The extent of inhibitor efficiency depends on the concentration of the inhibitor. Inhibitor efficiency increased with concentration. Maximum inhibition efficiency was absorbed with 0.7% extract, further increase in concentration do not show appreciable change in the efficiency. The inhibition efficiency increased with time of immersion Maximum efficiency was noticed with 6 hrs of immersion after that the efficiency lowered a little and remained constant. The maximum inhibition efficiency was 90.16 with 5% solution of the extract. The results indicate that as the concentration of inhibitor increases the surface area of adsorbed molecule also increases resulting in increase of inhibitor efficiency. The increase in inhibition efficiency with immersion time indicates the stability and persistence of the inhibitor on the metal surface up to 24 hrs.

FIGURE (2)
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4.4 INFLUENCE OF TEMPERATURE ON THE CORROSION RATE

Temperature can modify the interaction between mild steel and the acid in the absence and presence of the inhibitors. To investigate the inhibition mechanism and to determine the activation and adsorption energy of the corrosion process gravimetric measurements where conducted in the temperature range of 313K to 353K in the absence and presence of various concentration of the extract. Corresponding data obtained are given in table (3). For each temperature the corrosion rate of mild steel decreased when the concentration of the extract increased. For each concentration of the extract the corrosion rate decreased with increasing temperature. At high temperature the corrosion rate of mild steel increased more rapidly.

TABLE (3)

CR AND IE OF THE CORROSION OF MILD STEEL IN PRESENCE OF BCS AT ROOM TEMPERATURE 
	S.NO
	Conc.

(%)
	313K
	323K
	333K
	343K
	353K

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

	1
	blank
	1404.22
	-
	1447.83
	-
	7204.28
	-
	9698.75
	-
	18289.8
	-

	2
	0.1
	662.86
	52.79
	593.08
	59.03
	2799.72
	61.13
	5416.29
	44.15
	14373.6
	21.41

	3
	0.2
	523.31
	62.73
	505.87
	65.06
	2293.85
	68.15
	4343.5
	55.21
	11687.3
	36.09

	4
	0.3
	479.7
	65.83
	453.53
	68.67
	2014.75
	72.03
	3166.04
	67.35
	9881.91
	45.97

	5
	0.4
	453.53
	67.68
	409.92
	71.68
	1526.33
	78.81
	2529.35
	73.92
	8974.83
	50.92

	6
	0.5
	436.09
	68.94
	357.59
	75.30
	1412.94
	80.03
	2337.46
	75.89
	7858.43
	57.03

	7
	0.6
	427.37
	69.56
	392.48
	72.89
	1351.89
	81.23
	2267.69
	76.61
	7056.01
	61.42

	8
	0.7
	401.20
	71.42
	340.15
	76.50
	1290.84
	82.08
	2014.75
	79.22
	6183.82
	66.18


TEMPERATURE ON THE CORROSION RATE
FIGURE (3)
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4.5 IMPACT OF TEMPERATURE ON INHIBITION EFFICIENCY

For each temperature the values of inhibition efficiency of the extract increased when the concentration of extract increased. For each concentration the inhibition efficiency increased up to 333K than decreased. Maximum inhibition efficiency of 82.08% was observed with 0.7% extract at 333K. The effect of temperature on the inhibition of corrosion of mild steel by the extract is shown in figure (4). According to Muchu the increase of inhibition efficiency with temperature is due to diffusion process (W.Machu et al 1938). The kinetics of such a corrosion process in which at higher temperature the quantity of inhibitor present at the metal surface is greater than that at lower temperature. Adsorption and desorption of inhibitor molecule continuously occur at the metal surface and equilibrium exists between these two process at a particular temperature, with increases in temperature the equilibrium between adsorption and desorption process is shifted leading to a higher desorption rate than adsorption, until equilibrium is again established at a different value of equilibrium constant. This explains the lower inhibition efficiency at higher temperature. ( R.S.Chaudhary et al 2002)

FIGURE (4)
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FIGURE (5)
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4.6 ADSORPTION ISOTHERM

In acid medium corrosion generally it is assumed that inhibition occur through a process of adsorption on the metal surface. The adsorption of the inhibitor may determine a structural change of the double layer, thus reducing the rate of electrochemical partial reactions. Moreover, adsorption that particularly interests the active sites of the metal surface may hinder the reactivity of the metal in the process of dissolution. On the other hand, if the adsorption is followed by reaction of hydration, reduction or polymerization of the inhibitors, thick layers may form that behave as a true physical barrier. In any case the knowledge of the adsorption behavior of the inhibitors is important for the definition of its action mechanism (3, 8).For this reason, the dependence of surface coverage on the inhibitor concentration is studied through adsorption isotherm.

An adsorption isotherm gives the relation between the coverage of an interface with the adsorbed species (the amount adsorbed) and the concentration of the species in solution. Interpretation of the performance of the adsorbent type of inhibitor can be enhanced by fitting the data in one of the known adsorption isotherm. (G.Schmid et al 1981), (L.I.Antropov, 1967) In order to gain insight into the mode of adsorption of BCS extract on to iron surface, the surface coverage value from weight loss mechanism where theoretically fitted into various adsorption isotherms. Perfectly linear plot was obtained with Langmuir isotherm, which is given by

C/Ө=1/Kads+C

Where,

C is the inhibitor concentration Ө is the degree of surface coverage and Kads is the equilibrium constant of adsorption process

FIGURE (6)
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4.7 KINETIC & THERMODYNAMIC STUDY

In acidic solution the corrosion rate is related to temperature by Arrhenius equation

                                         log CR=log A-Ea/2.303RT
 

where ‘CR’ determined from the weight loss measurement Ea the apparent activation energy, A the Arrhenius constant R is the molar gas constant and T is the absolute temperature. The apparent activation energy was determined from the slopes of log (CR) Vs 1/T graph depicted in figure (7). It was clear that the values of Ea in the presence of the extract are higher than those in the uninhibited acid solution. These results are in according with the reported studies. (M.Elachouri,et al 1996) (E.S.Ferrira,et al 2004).The increase of Ea in the presence of inhibitor indicates the physical adsorption mechanism. The activation energy obtained for the inhibition of corrosion of mild steel are below 80 KJ/mole, which also supports the mechanism of physical adsorption.

TABLE (4)

KINETIC AND THERMODYNAMIC PARAMERTERS

	Conc. (%)
	-Ea

kJ/mol
	-ΔG (kJ/mol)
	ΔS

(kJ/Kmol)
	ΔH 

(kJ/mol)

	
	
	313K
	323K
	333K
	343K
	353K
	
	

	Blank
	64.62
	-
	-
	-
	-
	-
	-
	-

	0.1
	76.45
	10.71
	11.74
	12.34
	10.75
	0.0653
	0.0653
	-32.4409

	0.2
	76.46
	11.78
	12.43
	13.20
	12.02
	0.0381
	0.0381
	-24.5893

	0.3
	73.56
	12.37
	12.86
	13.71
	13.49
	0.0155
	0.0155
	-17.9035

	0.4
	71.00
	12.35
	13.25
	14.73
	14.39
	-0.0016
	-0.0016
	-12.7832

	0.5
	69.38
	12.50
	13.75
	14.99
	14.69
	-0.0112
	-0.0112
	-9.9744

	0.6
	68.17
	12.57
	13.41
	15.15
	14.81
	-0.0250
	-0.0250
	-5.4870

	0.7
	66.10
	12.81
	13.93
	15.30
	15.24
	-0.0313
	-0.0313
	-3.7751


FIGURE (7)
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4.8 THERMODYNAMIC PARAMETERS

The free energy of adsorption of ΔG where obtained from the intercept of the plot of logarithm of inhibition efficiency against the logarithm of inhibition concentration and calculated using the expression.



             Log C=log Ө/ (1-Ө)-log B

Where log B=-1.74-(ΔG0 ads /2.303RT) and C is the inhibitor concentration.

The calculated values of ΔG are given in table (4).The ΔG values for the inhibitor ranged from -15.30 kJ/mole to -10.71kJ/mole the values of ΔG are –ve which reveals the spontaneity of the adsorption process and the stability of the adsorbed layer on the mild steel surface. Since the values of ΔG are below -40KJ/mole the electrostatic interaction between charge molecules and charge metal surface which are indicative of physisorption. The negative values of ΔH show that the adsorption inhibitor is an exothermic process. An exothermic process signifies either physisorption or chemisorptions. In the present study the values of adsorption heat is lower than 41.86 KJ/mole, approaching the typical value of physisorption. The values of ΔS shown in the table (4) are positive and indicate decreases in the systems order in a presence of inhibitor. At higher concentration the negative values of ΔS mean that the process of adsorption is accompanied by a decrease in entropy. It might be explained as follows .Before the adsorption of inhibitor molecule on to the steel surface was high, but when inhibitor molecules were orderly adsorbed on to the steel surface, as a result, a decrease in entropy (Gvannan Mu Xianghong Li Journal of colloid and interface science 289 (2005) 184-192).

FIGURE (8)
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4.9 ELECTROCHEMICAL MEASUREMENTS

POLARIZATION MEASUREMENTS

The potentiodynamic polarization behavior of mild steel in 0.5 M H2SO4 without and with different concentration of the extract is shown in figure (9).Electrochemical parameters obtained from Tafel Extrapolation method such as corrosion current density (Icorr) and Ecorr of all concentration study are reported in table(5). It is clear from the table that addition of extract does not change the Ecorr Corrosion current density was reduced in the presence of extracts. A low value of IE was obtained by this method than that  obtained in the weight loss method, because they are recorded at a much shorter time interval and reflect corrosion behavior at the initial state.

TABLE (5)

ELECTRO CHEMICAL PARAMETERS OF MS IN THE PRESENCE OF THE       EXTRACT OF BCS OF  0.5M H2S04

	S.NO
	Conc
(%)
	     Icorr         X   10-3

(amp/cm2)
	   ba (mV/dec)
	   bc (mV/dec)
	Ecorr (mV/dec)
	IE(%)

	1
	Blank
	2.355
	162.7
	130.19
	-488.18
	    -

	2
	0.1
	2.093
	168.02
	123.48
	-484.51
	11.12

	3
	0.2
	1.879
	165.55
	115.7
	-479.53
	20.20

	4
	0.3
	1.257
	133.47
	101.33
	-476.96
	46.61

	5
	0.4
	1.026
	118.59
	93.92
	-476.23
	56.43

	6
	0.5
	0.891
	169.59
	106.91
	-475.32
	62.17

	7
	0.6
	0. 88
	180.92
	109.35
	-476.25
	62.60

	8
	0.7
	0. 724
	173.33
	103.91
	-478.13
	69.23


FIGURE (9)

POLARIZATION BEHAVIOUR OF MS IN H2SO4 WITH BCS EXTRACT
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FIGURE (10)

IMPEDANCE MEASUREMENTS OF MS IN 0.5M H2SO4 
WITH BCS EXTRACT
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FIGURE (11)

BODE PLOT
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4.10 IMPEDANCE MEASUREMENTS

The parameters derived from Nyquist plot with and without the addition of inhibitor are given in table (6).The charge transfer resistance (Rct) increases with increasing inhibitor concentration. Double layer capacitance value decreased with increasing inhibitor concentration. The decreased in Cdl value can result from a decrease in local dielectric constant or an increased in the thickness of the electrical double layer suggesting the adsorption of the inhibitor at the metal solution interface. The polarization resistance (Rp) increased in the presence of the inhibitor. Inhibition efficiency calculated reflects the same trend observed with weight loss measurements.

TABLE (6)

PARAMETERS DERIVED FROM IMPEDANCE SPECTROSCOPY AND LPR METHOD IN H2SO4

	S.NO
	Conc.

 (%)
	Rct    ΏCm2
	IE (%)
	Rp     Ώ/Cm2
	IE (%)
	Cdl  F/Cm2
	Ө

	1
	Blank
	13.94
	 -
	13.93
	    -
	0.0001584
	- 

	2
	0.1
	23.63
	41.00
	15.05
	7.44
	0.0000941
	0.4062

	3
	0.2
	29.50
	52.73
	16.35
	14.76
	0.0001439
	0.09164

	4
	0.3
	35.49
	60.71
	15.57
	10.51
	0.0001987
	-0.2538

	5
	0.4
	41.20
	66.15
	15.78
	11.72
	0.00008224
	1.0000

	6
	0.5
	52.08
	73.22
	31.16
	55.27
	0.0000900
	0.4320

	7
	0.6
	67.18
	79.24
	31.67
	55.99
	0.0001749
	-0.1035

	8
	0.7
	71.45
	80.48
	35.41
	60.64
	0.00007623
	1.00002


TABLE (7)

COMPARISION OF IE CALCULATED USING DIFFERENT TECHNIQUE

	S.NO
	Concentration
(%)
	Weight loss
(%)
	I corr
(%)
	Rp
(%)
	Rct
(%)

	1
	0.1
	81.68
	11.2
	41
	7.44

	2
	0.2
	87.35
	20.2
	52.73
	14.76

	3
	0.3
	88.36
	46.61
	60.71
	10.51

	4
	0.4
	89.9
	56.43
	66.15
	11.72

	5
	0.5
	90.16
	62.17
	73.22
	55.27

	6
	0.6
	89.41
	62.6
	79.24
	55.98

	7
	0.7
	89.33
	69.23
	80.48
	60.64


FIGURE (12)
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4.11 MECHANISM OF INHIBITION
The extract of B.C.S contains different organic compounds such as fatty acid 2.5% volatile oil 0.12% gum 3.8% resin 2.7% saponins 3.18% alkaloids 0.05% silicon B vitamins, PABA (Para Amino Benzoic Acid) and moderate amounts of iron, zinc, potassium, calcium, magnesium and phosphorus. Others including Allantoin, Anthocyanins, Calcium, Cryptoxanthin, Glycoproteins, Plantacids, Potassium, Saponins, Sugars, Vitamin C, Vitamin K, flavonoids, chlorogenic acid, saponins, volatile oil, fixed oil, resin, sugars, phytosterols, allantoin, tannin, Resin, Sterols, Minerals (especially potassium)

Structure of saponin
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Structure of tannin
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Structure of flavonoid
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Among these alkaloids tannins pigments sugars steroids are known to have inhibitive action (Saleh et al Aziz et al Abd EI.,et al.,). Tannins, flavanoid, steroids and glycosides are hydroxy aromatic compounds. The inhibitive properties of phonolic and other aromatic hydroxy compounds have also been frequently decreased (Talati et al.,Evans et al., Hayakawa. et al.,). The inhibitive action of tannins for example, has been studied by different authors (Hayakawa.Y.,et al., Rajagopalan.K.S.,et al.,) and their inhibitive properties have been ascribed to the formation of passivating layer of tannates on the metallic surface (Booth et al., Parkins et al.,) Similar calculations were reached by Sola et al., an grounds that the numerous OH groups around the molecules make than more ready to form strong links with hydrogen. In addition they can form complexes with metallic cations as Cu, Ca, Al, Fe which are rarely soluble in aqueous environments. Probable Iron-tannate complex have been suggested. These complexes can cause blocking of micro cathodes that are generated an the metal surfaces when in contact with electrolytes and so can retard the subsequent dissolution of the metal.
SUMMARY AND CONCLUTION

5. SUMMARY AND CONCLUTION


Mild steel the most used structural engineering material suffers from severe corrosion in aggressive environment of acids and more dissolution during pickling processes. Hence the study of corrosion inhibitors of mild steel in acid media is subject of technological significance.
Inhibitors are used to reduce corrosion. In modern practice, inhibitors are rarely used in the form of a single compound. A formulation of two or more organic or inorganic compounds is usually employed. Same problems encountered in using there are 

· their preparation are so costly and time consuming 

· effluent water containing these inhibitors cannot be discharged due to their toxicity and non biodegrability

Consideration such as cost effectiveness, ecofriendliness, biodegrability and easy availability, have initiated the trend of using plant materials as corrosion inhibitors.

In the present study the Baby corn silk extract has been explored for its inhibitive action mild steel in H2SO4 medium.

Weight loss method, polarization studies and electrochemical impedance spectroscopy were used to evaluate the extract inhibitor. The evaluation was carried out to identify optimum concentration of the extract to be used, the best time of exposure and the temperature at which maximum efficiency could be achieved.

· The inhibitor efficiency increased with concentration and maximum efficiency was obtained with 0.5% solution.

· The efficiency of the extract increased with 6hrs of immersion time prolonged exposure showed a decline of efficiency. This may be due to desorption of inhibitor molecule.

· The optimum temperature for good inhibition in 3330K.

· The system obeyed Langmuir isotherm indicating if inhibitor corrosion by an adsorption mechanism.

· The energy of activation in the presence of extract is higher than in acid solution.

· The positive value of free energy of adsorption reveals the spontaneity of the adsorption process.

· The exothermic nature of adsorption is revealed by –ΔH value.

· The ΔS values are positive as the presence of inhibitor confirming the spontaneity of adsorption.

· The inhibitor molecules have been preferentially adsorbed at the cathodic and anodic sites as indicated by the polarization studies.

· Ecorr value do not changed in the presence of inhibitor.

· The Icorr value decreased with inhibitor concentration.

· Charge transfer resistance increased with concentration.

· The Rp values decreased with concentration.

· Cdl values increased with concentration.

A suitable mechanism was proposed based on the observations. Thus the extract was found to be an effective inhibitor which can be safely used.
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