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1. Introduction

                      Corrosion, the cancer of metals, has been fundamentally defined as the deterioration of a metal by an electrochemical reaction with its environment. Corrosion-the unfortunate legacy of metals, has been derived from the latin word “rodere” meaning “to gnaw” in context of rats and “corrodere” means “to gnaw to pieces”. Suppose that we lose our pen, as a result we cannot write because we do not have a writing instrument that functions. That simple device, our pen, has a miraculous effect on our ability to perform. It is in this connection the science and technology of corrosion is discussed. We live in a highly industrialized country. We all use parts which are extensions of us, and those parts periodically wear out, break and malfunction. Much of that is due to corrosion.

                         Each year, a tremendous amount of money is lost due to corrosion in the United States. Figures change each year, but a reasonable estimate for the year 2006 is 400 billion dollars. This is of the order of 2-4 % of the Gross National Product. This amount is more than the cost of all of the natural catastrophes that take place in the United States each year

Definition

                         A good definition of corrosion is: A destructive attack (Chemical Breakdown) on a material by its environment. This definition includes the partial or complete wearing away, dissolving, or softening of any substance by chemical or electrochemical reaction with its environment. We normally think of metals when we think of corrosion, but a good definition is one which deals more broadly with materials in general to include any material such as metal, wood, plastics, etc. Admittedly, the most familiar example of corrosion occurs with rusting of iron. It is a complex chemical reaction in which the iron combines with both oxygen and water to form an oxide. As a matter of practical concern, the corrosion of metals is more problematic than that of other materials.

                         The serious consequences of the corrosion process have become a problem of worldwide significance. In addition to our everyday encounters with this form of degradation, corrosion causes plant shutdowns, waste of valuable resources, loss or contamination of product, reduction in efficiency, costly maintenance, and expensive over-design. It can also jeopardize safety and inhibit technological progress.
                          Steel, for example, is a man made substance produced from iron oxide. The energy added in the refining process is unstable. Given a suitable environment, steel will release this energy and return to its natural state of iron ore. When immersed in an electrolyte, such as soil, water, or concrete, metals produce a current which causes ions to leave their surface. The rate of current flow determines the life of the structure. One ampere of current consumes approximately 20 pounds of iron per year.

Corrosion Forms
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                         The general types of Corrosion include uniform, electrochemical, galvanic, concentration cell, erosion, embrittlement, stress corrosion, filiform, corrosion fatigue, intergranular, fretting, impingement, dezincification, and chemical reaction. For convenience the various kinds of corrosions are categorized into eight different forms. Those eight forms are 
Pitting corrosion
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Crevice corrosion
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What is Rust? 
                          When exposed to the earth's atmosphere under typical conditions, most metals have a tendency to slowly return to their natural state......as a metallic ore.

                          There are only three metals which do not commonly corrode under the average conditions present at the earth's surface and the gold is the cheapest of these! (Platinum and palladium being the other two). Example:  Iron in auto body steel exposed to the atmosphere "oxidizes" and changes back to Iron Ore (Ferric Oxide Fe2O3).......better known as rust. 
 FOR CORROSION TO OCCUR THREE REQUIREMENTS MUST BE MET: 

   1. The metal needs to be in contact with an electrolyte. Usually the electrolyte is water but other liquids as well as gases in some instances may serve as electrolytes as well.   

2. The presence of dissolved substances in the electrolyte is necessary. These substances can be dissolved gases such as oxygen, chlorine or bromine gases or dissolved ions such as H+ (hydrogen ion) all of which serve as strong corrosive agents. Pure distilled water with no dissolved substances will not function as an electrolyte and metals subjected to it will not corrode.  

3. The presence of a corrosion cell whereby two portions of the metal surfaces become electrically connected via an electrolyte, salt bridge etc. A portion of the metal surface then becomes anodic (corrodes) giving up metal ions and another portion becomes cathodic, gaining metal ions. 

  Oxidation takes place at the anode (+) while reduction takes place at the cathode (-)... I.e. Anode dissolves while cathode remains intact.   
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                       This microscopic corrosion cell represents only one of trillions of such cells that can occur on every metal surface. A corrosion cell can occur on the molecular level. These cells usually are produced by three factors: 

1. Irregularities in the metal's surface produced by the original metalworking, forming or extruding.  

2. Differences in the composition of the metal's surface. In alloyed materials such as most steels this may be due to different microstructures or to micro crystals of different metals. Additionally, inclusions at or beneath the metal surface may create anode/cathode couplings. These impurities may be introduced when the metal was still molten or due to impurities actually being pressed into the surface by shaping, rolling or finishing operations.   

3. Stresses induced from forming, welding etc. 

                    An automobile body or other painted or coated steel structures serve as havens for much larger corrosion cells that can form and grow in the pores or breaks in its painted surfaces! Virtually all forms of corrosion occur by the same basic chemical reaction as fire, "oxidation", and as the name of the reaction implies the presence of oxygen or oxidizers is not only required for the reaction to begin but to continue. Essentially the metal combines with oxygen to form a new substance rust or corrosion.  Less common processes such as high temperature sulfidation and certain other reactions may also be considered to be corrosion. 

                   The corrosion process is a natural and normal occurring electrochemical reaction that takes place when metal objects (as on an automobile body) are exposed to an oxidizing environment usually under wet or moist conditions. 
The Corrosion Process

                   The following will treat corrosion as a process which cannot occur without the presence of water and therefore excludes other types of attack, such as those associated with high temperature oxidation or sulphidation. 
                Corrosion is an electrochemical process in which a metal reacts with its environment to form an oxide or other compound. The cell which causes this corrosion process has three essential constituents: an anode, a cathode and an electrolyte (electrically conducting solution). The anode is the site at which the metal is corroded; the electrolyte is the corrosive medium; and the cathode (part of the same metal surface or of another metal surface in contact with it) forms the other electrode in the cell and is not consumed in the corrosion process. At the anode the corroding metal passes into the electrolyte as positively charged ions, releasing electrons which participate in the cathodic reaction. Hence the corrosion current between anode and the cathode consists of electrons flowing within the metal and ions flowing within the electrolyte.     
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                   The surface of one component may become the anode and the surface of another component in contact with it the cathode. Usually, corrosion cells will be much smaller and more numerous, occurring at different points on the surface of the same component. Anodes and cathodes may arise from differences in the constituent phases of the metal itself, from variations in surface deposits or coatings on the metal, or from variations in the electrolyte. 
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                          The metal may be immersed in an electrolyte or the electrolyte may be present only as a thin condensed or adsorbed film on the metal surface. The rate of corrosion is influenced considerably by the electrical conductivity of the electrolyte. Pure water has poor electrical conductivity and the corrosion rate will be much lower than say an acid solution of high conductivity. 
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 The ability of metals to resist corrosion is to some extent dependent upon their position in the electrochemical series. 

                           An example of a corrosion cell is provided by an imperfect coating of copper on steel immersed in dilute sulphuric acid. The current generated passes from the copper to the steel by the path of lowest resistance and and returns to the copper through the solution by the passage of ions. The steel, which has the greatest negative potential, dissolves and is called the anode; whilst the copper is called the cathode. In such acid attack the hydrogen, which is freed as the iron dissolves, is deposited on the surface of the copper cathode and as it increases in amount two things may occur. The corrosion of the steel is either reduced because of the formation of an opposing hydrogen electrode, i.e. the cell is polarised; or the hydrogen may be evolved as bubbles which stream away, with the result that the corrosion will occur continuously. In the first case the corrosion will be accelerated by exposure to oxidising agents (e.g. air) which remove the hydrogen from the cathode. The size of the cathode relative to the anode is important, e.g. copper rivet in a large steel plate, is quickly polarised and corrosion on the plate is small. On the other hand, a large cathode coupled to a small anode has the opposite effect, with rapid attack of the anode. 

[image: image8.png]‘Acid Soluion

ZHe2ent, gas

Fo 2t

s A"““E

Steel




                          Iron and steel are the most common materials of construction, and their corrosion characteristics in neutral water is important. When steel corrodes, the corrosion rate is usually governed by the cathodic reaction of the corrosion process, and oxygen is an important factor. In neutral waters free from dissolved oxygen, corrosion is usually negligible. The presence of dissolved oxygen in the water accelerates the cathodic reaction; and consequently the corrosion rate increases in proportion to the amount of oxygen available for diffusion to the cathode. Where oxygen diffusion is the controlling factor, the corrosion rate tends to increase also with rise in temperature. In acid waters (pH <4), corrosion can occur even without the presence of oxygen. 
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                      Corrosion of steel under a droplet of water 
Corrosion Theory hits

                      Humans have most likely been trying to understand and control corrosion for as long as they have been using metal objects. The most important periods of pre-recorded history are named for the metals that were used for tools and weapons (Iron Age, Bronze Age). With a few exceptions, metals are unstable in ordinary aqueous environments. Metals are usually extracted from ores through the application of a considerable amount of energy. Certain environments offer opportunities for these metals to combine chemically with elements to form compounds and return to their lower energy levels.

                      Corrosion is the primary means by which metals deteriorate. Most metals corrode on contact with water (and moisture in the air), acids, bases, salts, oils, aggressive metal polishes, and other solid and liquid chemicals. Metals will also corrode when exposed to gaseous materials like acid vapours, formaldehyde gas, ammonia gas, and sulphur containing gases.

                      Corrosion specifically refers to any process involving the deterioration or degradation of metal components. The best known case is that of the rusting of steel. Corrosion processes are usually electrochemical in nature, having the essential features of a battery. When metal atoms are exposed to an environment containing water molecules they can give up electrons, becoming themselves positively charged ions provided an electrical circuit can be completed.

                      This effect can be concentrated locally to form a pit or, sometimes, a crack, or it can extend across a wide area to produce general wastage. Localized corrosion that leads to pitting may provide sites for fatigue initiation and, additionally, corrosive agents like seawater may lead to greatly enhanced growth of the fatigue crack.

                      Pitting corrosion also occurs much faster in areas where micro structural changes have occurred due to welding operations. Corrosion is the disintegration of metal through an unintentional chemical or electrochemical action, starting at its surface. All metals exhibit a tendency to be oxidized, some more easily than others. A tabulation of the relative strength of this tendency is called the galvanic series. Knowledge of a metal's location in the series is an important piece of information to have in making decisions about its potential usefulness for structural and other applications.
Corrosion Mechanism

                      Corrosion may even take place with pure water, provided that oxygen is present. In such cases oxygen combines with the hydrogen generated at the cathode, removing it and permitting the reaction to go on.

                       Other agents, notably certain bacteria in the soil which remove hydrogen, can also act as depolarizing agents and thus promote the corrosion reaction. Steel, because of its low cost together with its many desirable properties, is the most common metal used in buildings. It can often be protected adequately by the application of suitable coatings. For certain purposes other metals more resistant to corrosion may be a better choice, depending on initial cost and expected service life. Metal components used in buildings can be grouped for purposes of discussing corrosion into four general categories:

 1) Those used on the exterior as cladding, roofing and flashings, 

2) Those incorporated in the construction as structural and reinforcing steel, masonry ties and damp courses, 

3) Those used in the services to a building as piping, storage tanks for hot water, drains and heating ducts, 

4) Those buried in the ground.

                      Of great importance is the conductivity of the corroding solution. When large areas of the surface are in contact with a water solution of high conductivity, such as seawater, the attack on the anodic metal may spread far from its contact point with the cathodic metal. This is a less severe situation than that which occurs in soft water or under atmospheric conditions in which the attack is localized in the vicinity of the contact. In the absence of dissolved oxygen or hydrogen ions to maintain the cathode process, galvanic corrosion does not occur. It is possible to combine different metals such as copper and steel in closed hot-water systems with little corrosion.
1.1.1 Corrosion reactions
                    Some examples of the anodic and cathodic reactions that occur simultaneously on a metal surface in a "corrosion cell" are as follows. 

A typical anodic oxidation that produces dissolved ionic product, for example for iron metal is: 

[1] [image: image10.jpg]


Fe ==> Fe2+ + 2e- 

Examples of cathodic reductions involved in corrosion process are: 

[2] [image: image11.jpg]


O2 + 2H2O + 4e- ==> 4OH- 

[3] [image: image12.jpg]


O2 + 4H+ + 4e- ==> 2H2O 

[4] [image: image13.jpg]


2H+ + 2e- ==> H2 

The cathodic reaction represented by Equation [2] exemplifies corrosion in natural environments where corrosion occurs at nearly neutral pH values. Equations [3] and [4] represent corrosion processes taking place in the acidic environments encountered in industrial processes or for the confined volumes (pits, crevices) where the pH can reach acidic values because of hydrolysis reactions such as: 

[5] [image: image14.jpg]


Fe2+ + 2H2O ==> Fe(OH)2 + 2H+ 

This reaction produces H+ ions, the concentration of which can, under certain conditions, become large if the H+ ions cannot readily move out from a confined volume. The overall corrosion reaction is, of course, the sum of the cathodic and anodic partial reactions. For example, for a reaction producing dissolved ions (sum of reactions [1] and [4]): 

[6] [image: image15.jpg]


Fe + 2H+ ==> Fe2+ + H2 

Or, for a reaction producing insoluble hydroxide (sum of reactions [1] and [2]): 

[7] [image: image16.jpg]


2Fe + O2 + 2H2O ==> 2Fe(OH)2 
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Factors influencing corrosion
Corrosion Costs 

                       The corrosion control methods that were considered include protective coatings, corrosion resistant metals and alloys, corrosion inhibitors, polymers, anodic and cathodic protection, corrosion control services, corrosion research and development, and education and training. The total annual cost of corrosion estimated with this method for the average year of 1998 was $121.41 billion or 1.381 percent of the $8,790.1 billion Gross Domestic Product (GDP).
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Methods of Corrosion Prevention

Protecting Metals from Corrosion

                       Ideally, a material which is inherently resistant to its service environment, meets with the mechanical, formability and economic requirements would be the first choice for selection. Unfortunately, this is not often the case. Many materials will need a method of corrosion control and there are three main approaches: 

· Modification of the environment to which the material is exposed 

· Electrical methods of control 

· Use of protective coatings
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                          Other preventive measures involve the use of protective coatings and modification of the environment. Some trace impurities can significantly reduce the rate of corrosion and can be added in low concentration to the surrounding medium. Paint is the most common coating used to slow the rate of atmospheric corrosion. Many other materials, such as plastics, ceramics, rubbers, and even electroplated metals, can be used as protective coatings. The corrosion resistance of a metal can be greatly increased by the proper choice of alloys. For example, aluminium added to brass will increase its corrosion resistance.
                       Despite the developments in corrosion resistant alloys over the past few decades, carbon steel still constitutes an estimated 99% of the material used in the oil industry. It is usually the most cost effective option, being a factor of 3 to 5 times cheaper than stainless steels. Yet its corrosion resistance is poor in aggressive environments, and the cost savings can only be realized by adding a corrosion inhibitor to the environment or applying a protective coating to the steel. Inhibitors are used in a wide range of applications, such as oil pipelines, domestic central heating systems, industrial water cooling systems and metal extraction plants.

                           A particular advantage of corrosion inhibition is that it can be implemented or changed in situ without disrupting a process. The major industries using corrosion inhibitors are the oil and gas exploration and production industry, the petroleum refining industry, the chemical industry, heavy industrial manufacturing industry, water treatment facilities, and the product additive industries. The largest consumption of corrosion inhibitors is in the oil industry, particularly in the petroleum refining industry.
Corrosion inhibitor

                       A corrosion inhibitor may be defined, in general terms as a substance which, when added in a small concentration to an environment, effectively reduces the corrosion rate of a metal exposed to that environment. Inhibition is used internally with carbon steel pipes and vessels as an economic corrosion control alternative to stainless steels and alloys, coatings, or non-metallic composites. A particular advantage of corrosion inhibition is that it often can be implemented or changed in-situ without disrupting a process. The major industries using corrosion inhibitors are oil and gas exploration and production, petroleum refining, chemical manufacturing, heavy manufacturing, water treatment, and the product additive industries.
Importance of Corrosion Inhibitors

                      The use of chemical inhibitors to decrease the rate of corrosion processes is quite varied. In the oil extraction and processing industries, inhibitors have always been considered to be the first line of defense against corrosion. A great number of scientific studies have been devoted to the subject of corrosion inhibitors. However, most of what is known has grown from trial and error experiments, both in the laboratories and in the field.

                      Rules, equations or theories to guide inhibitor development or use are very limited. A synergism, or cooperation, is often present between different inhibitors and the environment being controlled, and mixtures are the usual choice in commercial formulations.

                      Inhibitors are chemicals that react with a metallic surface, or the environment this surface is exposed to, giving the surface a certain level of protection.  Inhibitors often work by adsorbing themselves on the metallic surface, protecting the metallic surface by forming a film. Inhibitors are normally distributed from a solution or dispersion. Some are included in a protective coating formulation. Inhibitors slow corrosion processes by either:

1. Increasing the anodic or cathodic polarization behavior (Tafel slopes);

2. Reducing the movement or diffusion of ions to the metallic surface;

3. Increasing the electrical resistance of the metallic surface
Rust inhibitors available at The Rust Store

                      The scientific and technical corrosion literature has descriptions and lists of numerous chemical compounds that exhibit inhibitive properties. Of these, only very few are actually used in practice. This is partly due to the fact that the desirable properties of an inhibitor usually extend beyond those simply related to metal protection. Considerations of cost, toxicity, availability and environmental friendliness are of considerable importance. Inhibitors have been classified differently by various authors. Some authors, for example, prefer to group inhibitors by their chemical functionality. However, by far the most popular organization scheme consists in regrouping corrosion inhibitors in a functionality scheme.          

Eco-friendly inhibitor
                       Presently there has been a considerable hue and cry on the application of eco-friendly compounds for the inhibition of metallic corrosion in various low and high aggressive environments. 

                       Numerous naturally occurring substances have been documented as inhibitors. due to their biodegradability , the trend of using these less toxic herbal compounds are going on and the present work is a commencement made to study the inhibition potential of aquatic waste(fish scale) for mild steel in sulphuric acid medium.
Fish

                   The term fish is used to denote most aquatic animals. However, the word chiefly denotes the vertebrates, belonging to the class PISCES. Fishes are either BONY, like king fish, tilapia or sardine or CARTILAGINOUS like sharks and rays. 
Utilizable Portions
                        Not all the portions of the fish are consumed as food. Edible portion of the fish usually refers to the musculature and the skin. Liver, brain, kidneys are occasionally used. All other portions are either discarded or converted into animal feed.

Fish scales



                        Scale of fish body and edge organization that external world contact, fish skin evolve for a long time and derivative that form, play a role in protecting fish's body and exempting from damaging . 

                        Fish scales are composed of connective tissue covered with calcium. Typically, soft-rayed fish have smooth cycloid scales and spiny-rayed fish have ctenoid scales. Scales can be used for aging fish. The annuli, or growth rings like on trees are counted from the focus (where growth starts) outward. By measuring the distance between annuli, along a radius, the growth rate of fish can be estimated.

[image: image19.png]FISH SCALES

Cycloid Scales--
have a smooth
edge on the
backside

Focii

Ctenoid Scales--
have teeth-like
projections
along the
backside

Head <=— Talil




Cycloid Fish Scale
                        Extensions of the dermal layer of skin, fish scales provide their owners with some degree of protection from predators. Their composition and structure has altered over thousands of years through evolution, and today several different varieties of fish scales exist.
                          The fish scale is similar to the skeleton of the terrestrial animal to make up on the structure, the composition is similar to skeleton, but the inorganic saline content in the fish scale is much fewer than the content of the inorganic salt in animal's skeleton. [image: image20]
                           Fish scale fish leather genuine leather deformation thing of layer, account for fish weight 1-5% of quantity. Relevant research indicate , the fish scale contains the abundant protein and many kinds of minerals, among them the organic matter accounts for 41-55% , besides growing the colloid in the organic composition of the fish scale, the majority, for peculiar fish scale albuminoid of fish and a few cutin albumens , fat , pigment , mucus quality ,etc.; The calcium phosphate in the inorganic matter has 38-46%, include inorganic salts such as a small amount of calcium carbonate , phosphoric acid magnesium , phosphoric acid sodium, the salt is insoluble in water, but can replace with the hydrochloric acid or inferior sulphuric acid , make it become solubility , thus remove. 
                           Similar to most food industries, fish processing operations produce waste in a solid (fish carcasses, viscera, skin, and heads) or liquid form (washing and cleaning water discharge, blood water from drained fish storage tanks, brine). This waste must be stored so as to prevent the contamination to the processing environment, and should be disposed of in a manner that is not detrimental to the receiving environment. The magnitude of the problem of waste management in the fish industry depends on the waste volume, its polluting charge, rate of discharge and the assimilatory capacity of the receiving medium.
                       In many countries, solid waste is recycled at fishmeal plants or treated along with the municipal waste, whereas liquid waste is disposed of through the municipal sewage system or directly into a water body. In the latter case, care must be exercised to ensure that the receiving water body can degrade the biological and chemical constituents of the waste in a manner that is not detrimental to the aquatic fauna and flora.
                           In this current investigation efforts have been taken to utilize the industrial waste of fish (fish scales) as an effective corrosion inhibitor.

2 Objectives

In the current investigation an attempt has been made to analyse aquatic waste --- fish scale as corrosion inhibitor for mild steel in 0.5 M sulphuric acid.

1. To suggest zero cost inhibitor for corrosion of mild steel in acid medium.

2. To find out the inhibitor efficiency of aquatic waste – fish scale in 0.5 M sulphuric acid at different concentration and at different time interval at room temperature.

3. To arrive at an optimum concentration of the fish scale extract at optimum period of immersion for maximum inhibitor efficiency.

4. To evaluate the inhibitive action of fish scale extract at higher temperatures.

5. To calculate activation energy and thermodynamic parameters using the results of temperature study.

6. To determine the corrosion kinetic parameters – Ecorr, Icorr, Rp, ba, bc, Rct, Cdl from Electrochemical measurements.
7. To infer the nature of the inhibitor – anodic, cathodic or mixed type using data obtained from electrochemical measurements.

8. To outline the mechanism for inhibition process.

9. To correlate the results obtained by various techniques.

2. Review of literature

“Only the still pool reflects the stars”

                          The advancement of today was seeded by the research years ago. The development of tomorrow is the offspring of research planned today. An acquaintance with related literature of past studies is a must for any research for formulating sound methodology, which acts as a persevering force during the onset of research. From this literature new areas of research can be inferred.

                         The present study on “Biodegradable aquatic waste-Fish Scales as corrosion inhibitor for mild steel in acid medium” is a trial to find a low cost and environmentally safe inhibitor to reduce the corrosion rate of mild steel.

 Natural inhibitor

                          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. The examples of such naturally ocurring inhibitors are 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.

                          The efficiency of an inhibitor depends not only on the volumes and properties of the produced fluids and on the properties of the inhibitor itself, but also on the way it is applied and the operating conditions of the system, such as temperature, flow rate and pressure. 

                          Based on the above mentioned factors a review has been collected on recent literature of researches which test different extracts for corrosion inhibition applications.

                       Water extracts of Henna, Lawsonia inermis, leaves powder were evaluated as corrosion inhibitors for steel and commercial aluminum in saline, acidic and alkaline waters by Al-Sehaibani(2000). Weight loss measurements showed that the extracts can inhibit efficiently the corrosion of steel for 37days in HCl with 96% efficiency and for aluminum in NaOH up to 99.8% while no inhibition occurred for steel or aluminum in NaCl solutions. 

                       A.Y.El-Etre and M.Abdallah (2000), evaluated the inhibitive action of natural honey on the corrosion of C-steel, which is used in manufacture of petroleum pipelines, in high saline water. The inhibition efficiency was calculated using weight loss measurements and potentiodynamic polarization technique. It was found that, natural honey exhibited a very good performance as inhibitor for steel corrosion in high saline water.

                       Sethuraman et al.,(2001) observed the effect of solonum triblobatum extract on corrosion of mild steel in 5% HCl by weight loss measurement. It was found that inhibitor efficiency increased with increase in concentration and temperature. The presence of solanaces alkaloid in the plant was identified as responsible for inhibition.

                       Rajalakshmi et al.,(2002) investigated the performance of acid extracts of Ficus benghalensis bark on the corrosion inhibition of mild steel in 1Mhydrochloric acid and 0.5M sulphuric acid by weight loss and electrochemical techniques. The presence of anthrocyanin compounds, flavanoidal compounds and reducing sugars in the bark extract  could inhibit the corrosion of mild steel in acid medium.

                        Prithiba et al.,(2002) reported the corrosion inhibition effect of Ervatamia coronaira leaves extract in   1Mhydrochloric acid and 0.5M sulphuric acid for mild steel by weight loss and electrochemical techniques. The effectiveness of the plant extracts could be attributed to the presence of indole alkaloid eraticive.

                        The inhibition of the corrosion of mild steel in hydrochloric acid solutions by extract of the leaves of Nypa fruticans Wurmb. has been studied by K.O.Orubite, and N.C.Oforka (2004),  using weight loss and hydrogen gas evolution techniques. Inhibition was found to increase with increasing concentration of the leaves extract.

                        Erich M. Mueller and C. Steven Sikes (2004) demonstrated that Protein fractions isolated from corals inhibit the formation of calcium salts and inhibit steel corrosion in sea water. Fractions from Montastrea annularis skeletal matrix were particularly efficacious inhibitors of steel corrosion in high calcium formation waters. Amino acid analysis of the fractions demonstrated that aspartic and glutamic acids were the predominant amino acids present, a finding consistent with studies of other biomineral matrices

                       YanLi et al.,(2005), abstracted Berberine from coptis chinensis and its inhibition efficiency on corrosion of mild steel in 1 M H2SO4 was investigated through weight loss experiment, electrochemical techniques and scanning electronic microscope (SEM) and with energy disperse spectrometer (EDS). The weight loss results showed that berberine is an excellent corrosion inhibitor for mild steel immersed in 1 M H2SO4.

                        B.I. Ita,( 2006), investigated the inhibition of corrosion of mild steel in hydrochloric acid by isatin glycine (ING) and isatin (IN) at 30-60 oC and concentrations of 0.0001 M to 0.0005 M by weight loss method. At the highest inhibitor concentration studied ING exhibited inhibition efficiency of 87% while IN exhibited 84% at 60 oC.

                       LAKSHMI et al., (2006),investigated the inhibitive action of seed powder extract of Brassica juncea (mustard seed) on the corrosion of mild steel in hydrochloric acid and sulphuric acid by a weight loss method. It was shown that the mustard seed powder act as a better inhibitor in sulphuric acid medium than in hydrochloric acid medium. 

                         The inhibitive effect of the  concentration is increased.
extract rate of steel in the acid solution. The inhibition efficiency increases as the corrosion reduces markedly the extract (2006),using weight loss measurements as well as potentiostatic technique. It was found that the presence of the  of SX 316 steel in HCl solution was determined by A.Y.El-Etrecorrosion of khillah (Ammi visnaga) seeds, on the extract
                         A.Bouyanzer et al., (2006), extracted Natural oil from Pennyroyal Mint (Mentha pulegium, PM) and evaluated it as corrosion inhibitor of steel in molar hydrochloric using weight loss measurements, electrochemical polarisation and EIS methods. The naturally oil was found to retard the corrosion rate of steel.

                          Mohamed Ismail Awad( 2006),has tried Quinine, a natural product, as a corrosion inhibitor for low carbon steel in 1.0 m HCl solution. Electrochemical impedance spectroscopy (EIS) and potentiodynamic polarization were used to study the inhibition action in the temperature range 20–50 °C. The corrosion of steel was controlled by a charge transfer process at the prevailing conditions. The electrochemical results showed that quinine is an efficient inhibitor for low carbon steel and an efficiency up to 96% was obtained at 20 °C.

                           Umoru et al.,(2006) studied the inhibitive effect of cocoa (Theobroma Cacao) and kolanut (Cola Acuminata) extracts on the corrosion of mild steel in seawater at room temperature. The study was carried out using the gravimetric technique. The results showed kola and cocoa leaves extracts as potential inhibitors of mild steel corrosion in seawater and marine environment. The highest inhibition efficiency was obtained when the concentration of the inhibitors was increased up to optimum. There was a sign of synergism when 4% of each of the extracts was used to inhibit corrosion in the seawater.

                           Afidah A. Rahim et al., (2007), studied the inhibitive behaviour on steel by flavanoid monomers that constitute mangrove tannins namely catechin, epicatechin, epigallocatechin and epicatechingallate in an aerated HCl solution using electrochemical methods. The monomers were found to be mainly cathodic inhibitors and the inhibition efficiency was dependent on concentration.

   In a second part, the use of mangrove tannin, extracted from the mangrove barks as steel corrosion inhibitors in acidic media was investigated and its inhibitive efficiency was compared with that of commercial mimosa, quebracho and chestnut tannins. The inhibitive performance of mangrove tannins was comparable to the other tannins investigated, indicating their potential in corrosion protection. 

                        The inhibitive action of the aqueous extract of olive (Olea europaea L.) leaves toward the corrosion of C-steel in 2 M HCl solution was investigated by Y.El-Etre( 2007), using weight loss measurements, Tafel polarization, and cyclic voltammetry. It was found that the extract acts as a good corrosion inhibitor for the tested system. The inhibition efficiency increases with increasing extract concentration.

                         L.Valekand S. Martinez(2007), made a combined study on Azadirachta indica leaves extract (AI) to be used as copper corrosion inhibitor in 0.5 M sulphuric acid. Inhibition efficiency of AI was compared to that of the already proven good inhibitors 2-acetamino-5-mercapto-1, 3, 4-thiadiazole (AAMTDA) and 1, 2, 3-benzotriazole (BTAH). The inhibition properties were studied using electrochemical polarization and weight loss techniques. In the region of active copper dissolution, the highest inhibition efficiency was exhibited by AAMTDA (92.7%). AI exhibited somewhat higher efficiency (86.4%) than the widely used BTAH (85.5%), showing that the extract could serve as an effective substitute for currently preferred copper corrosion inhibitors in sulphuric acid
 
                        The work carried out by L.R.Chauhan and G.Gunasekaran( 2007),on the inhibition effect of Zenthoxylum alatum plant extract on the corrosion of mild steel in 5% and 15% aqueous hydrochloric acid solution by weight loss and electrochemical impedance spectroscopy (EIS) exhibited that corrosion inhibition efficiency increases on increasing plant extract concentration upto 2400 ppm.

                           E. Khamis et al.,(2007) monitored
the acid cleaning of mild steel dissolution by 1M sulfuric acid/10 % methanol (test solution) in presence of Arghel herb extract as green inhibitor by potentiodynamic and electrochemical impedance techniques in the temperature range 30-60oC. At all temperature, the corrosion rate decreased with increasing inhibitor concentration. Potentiodynamic polarization measurements indicated that the inhibitor has strong effect on the corrosion behavior of the steel and behave as mixed type inhibitor.

                           A.Y.El-Etre(2008), investigated the inhibitive action of the aqueous extract of the root of shirsh el zallouh (Ferula harmonis) toward the corrosion of C-steel in HCl solution. The inhibition efficiency was measured using weight loss and potentiostatic polarization techniques. The electrochemical behavior was studied using cyclic voltammetry. It was found that the addition of the extract reduces the corrosion rate of C-steel. The inhibition efficiency increases with increasing extract concentration.

3. Materials and methods

                In the present investigation, efforts have been taken to study the inhibitive efficiency of the extract of fish scales as corrosion inhibitor for mild steel in 0.5M sulphuric acid.

Selection of the sample

                 Due to low cost and easy availability mild steel is a material of choice to fabricate various reaction vessels, pipes, tanks, etc., in sugar, petrochemical, brewery, food, paper, textile and marine industries. 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 the specimens

                 A rectangular steel bar was cut into pieces of area 5x1 cm2. The specimens were polished mechanically, degreased, cleaned successively in deionized water, dried, stored in a dessicator and used for all studies. The locally purchased mild steel specimens were found to have the following elemental composition.

	S. no.
	Element
	% of chemical composition

	1
	Carbon
	0.081

	2
	Manganese
	0.296

	3
	Silicon
	0.016

	4
	Phosphorous
	0.032

	5
	Sulphur
	0.014

	6
	Chromium
	0.021

	7
	Molybdenum
	0.019

	8
	Nickel
	0.016


Test media

                 The experiment was carried in 0.5M sulphuric acid because it is one of the most commonly and widely used acid in industries.

Equipments used

1. Solartron 1280Z

2. Thermostat

3. Denver-220D digital balance.

Inhibitor preparation

                The inhibitor selected for the present study is the extract of fish scales.

                The fish scales were collected from a nearby fish stall and dried. About 25g of the scales were weighed and refluxed in 500ml of 0.5 M sulphuric acid for 3hrs. It was kept overnight and filtered to get 5% extract.

Techniques employed

               Corrosion monitoring techniques have been classified into two main categories.

                                                         Techniques

           Physico chemical methods                        electrochemical methods

            Weight loss method                       Electrochemical                        Linear 

                                                                         impedance                        polarization

Physico chemical method (Weight loss method)

              The MS coupons were weighed in Denvar balance. weighed samples in triplicate were immersed in 100 ml of acid solution (with and without inhibitor) for a specific time viz., ½ hr,3hr,6hr,and 24hr. the specimens were removed and washed with saturated sodium bi carbonate solution and water , dried and reweighed.

              The experiments were also performed with different concentrations of inhibitor (0.05-0.5) and at various temperatures (303K-343K)

Determination of corrosion rate

              Many expressions are available to express corrosion rate. The widely used one is mills per year. The rate of corrosion was calculated using the formula.                                               
                                                      534W
                    C.R. (mpy)   = 

                                                     DAT

Where

        W is the weight loss in g

        D is the density of specimen in g/cm2

        A is the area of the specimen in cm2

        T is the exposure time in hr

Determination of percentage of inhibitor efficiency

               The inhibitor efficiency was obtained from the following formula.

                                                 W0-W      

                                   IE   =                      x   100

                                                    W0
Where 

  IE    –   Inhibitor efficiency in percentage

  W0   –   Corrosion rate without inhibitor

   W   –   Corrosion rate with inhibitor

Determination of thermodynamic parameters

               The change in free energy (∆G) of adsorption of the inhibitors can be calculated using the following equation (Abdel and El Saied, 1981).

                                                                                  (                                         
Log of inhibitor concentration (log C) =   log                     - log B

                                                                                1 - (
Log B = -1.74-(∆G/2.303 RT)

R        =   Gas constant 8.134 J/mole

T        =   Temperature

C        =   Concentration of the inhibitor

(        =   Surface coverage

               The change in heat of adsorption ∆H and change in enthalpy ∆Scan be calculated using Gibbs Helmholtz equation.

∆G = ∆H - T∆S
A plot of ∆G   versus T will be a straight line with intercept ∆H and slope ∆S.

Adsorption isotherm

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

               Langmuir [(log (/1- ()Vs log C]

               Temkin (( 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 8.34 J/mole

Potentiodynamic polarization and impedance measurements

               The corrosion monitoring techniques like 

· Potentiodynamic polarization(Tafel polarization)

· Electrochemical impedance spectroscopy(EIS)methods

have been used in the present investigation. For both the techniques, solartron Electrochemical Measurement Unit (1284Z) model was used with a software package of Z plot and Corrware. The system includes a potentiostat, personal computer and Frequency Response Analyser.

                For potentiodynamic polarization studies, the experiments were carried out over a potential range of -200mV to +200mV with respect to reference electrode and its current response was measured at a scan rate of 2mVsec-1.

 Impedance measurements were carried out at corrosion potential. The A.C. amplitude of 10mV was applied and the frequency was varied from 10 kHz to 100 mHz. The real and imaginary parts of the impedance were plotted as Nyquist plot. From the Nyquist plots and Bode plots, the Charge Transfer Resistance (Rct) and Double Layer Capacitance (Cdl) values were calculated.  

Measurement of corrosion current (Icorr)

                Values of corrosion current were obtained by Tafel extrapolation method. In Tafel extrapolation method, plots of η Vs log current were made and an extrapolation of linear portion to the corrosion potential gave the corrosion current and the slope of the linear portion of the anodic and cathodic curves gave ba and bc respectively.

Determination of inhibitor efficiency

                The inhibitor efficiency was obtained from the equation,

                                                  Icorr (b)-Icorr (i)       
                                   IE  =                              x   100

                                                        Icorr (b)
Icorr (b)  -  corrosion current in the absence of inhibitor

Icorr (i)  -  corrosion current in the presence of inhibitor

                                              Rp (inhibited) - Rp (blank)     
                           IE    =                                                   x  100

                                                       Rp (inhibited)

Rp (blank)-linear polarization resistance in the absence of inhibitor

Rp (inhibited) -linear polarization resistance in the presence of inhibitor

                                                Rct (inhibited) – Rct (blank)
                                IE  =                                                x  100

                                                         Rct (inhibited)

  Rct (blank)      -    charge transfer resistance with the absence of inhibitor

  Rct (inhibited    ) -   charge transfer resistance with the presence of inhibitor     

4. Results and Discussion

                        Results pertaining to the current investigation on “Biodegradable aquatic waste-Fish Scales as corrosion inhibitor for mild steel in acid medium” are discussed under the following headings on the basis of the objectives set forth.

                        In the present study efforts have been taken to find out the inhibition efficiency of aquatic waste – fish scale extract on corrosion of mild steel in 0.5M H2SO4. Weight loss measurements and electrochemical measurements are carried out. The inhibitive action of aquatic waste - fish scale was measured at room temperature and at higher temperature for various concentration of the extract and for different periods of immersion. 

a) Weight loss measurement.

1. Effect of concentration of aquatic waste - fish scale extract and time of immersion on the corrosion of mild steel in acid medium at room temperature.

2. Influence of temperature in the presence of the extract on the corrosion of mild steel.

3. Adsorption isotherms.

4. Activation energy and thermodynamic parameter.

b) Electro chemical measurements.

1. Tafel intercept method and linear polarization method.

2. Electrochemical impedance measurements.

3. Mechanism for inhibition process.

           When mild steel was immersed in 0.5M H2SO4 at room temperature it suffered a weight loss of 0.04g. In the presence of aquatic waste –fish scale extract, the weight loss is decreased to a considerable extent. The effect of various concentration of aquatic waste –fish scale on the corrosion of mild steel is shown in the table 1. The results indicate that the efficiency of the extract increases with increase in extract inhibitor concentration. Maximum inhibition efficiency of 96.5% was noticed at 24 hrs with 0.5% concentration of fish scale extract. The inhibition efficiency progressively increased with rise in period of immersion upto 24 hrs. 

           The inhibition of corrosion by this extract may be due to the adsorption of the constituents of the extract on the metal surface. Increase in inhibition effect with increase in concentration of the extract infer that, the increased surface area of the adsorbed molecules of the extract resulting in decrease in dissolution of mild steel. The variation of inhibition efficiency with concentration and time of immersion is graphically presented in the figure-1.

          Experimental results indicate that the variation of inhibition efficiency of metal is insignificant when the additive dose of corrosion inhibitor is more than 0.1%.

          In consideration of economy, the dose may be chosen from 0.1% to 0.4% and this can be designated as optimum concentration for maximum efficiency.
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Fig-1

	Conc.

(%)
	½ hr
	3hr
	6hr
	12hr
	24hr

	
	C.R. mpy
	I.E.%
	C.R. mpy
	I.E.%
	C.R. mpy
	I.E.%
	C.R. mpy
	I.E.%
	C.R. mpy
	I.E.%

	blank
	1274.26
	-
	714.18
	-
	1459.41
	-
	1563.05
	-
	1148.87
	-

	0.05
	230.25
	81.93
	126.61
	82.27
	98.91
	93.22
	102.95
	93.41
	70.17
	93.89

	1
	223.28
	82.47
	115.71
	83.79
	87.43
	94
	75.51
	95.16
	62.72
	94.54

	0.15
	162.22
	87.26
	104.08
	85.42
	77.33
	93.89
	73.73
	95.28
	55.89
	95.13

	0.2
	183.15
	85.62
	103.79
	85.46
	67.51
	95.22
	63.74
	95.96
	52.71
	95.41

	0.25
	197.11
	84.53
	91.58
	87.17
	61.12
	95.81
	58.68
	96.24
	50.22
	95.62

	0.3
	207.58
	83.7
	83.73
	88.27
	61.05
	95.81
	58.10
	96.28
	46.86
	95.92

	0.35
	192.75
	86.31
	86.05
	87.95
	59.08
	95.95
	54.76
	96.49
	47.51
	95.86

	0.4
	199.73
	84.32
	88.38
	87.62
	57.63
	96.05
	51.63
	96.69
	40.84
	96.44

	0.45
	206.7
	83.77
	87.98
	87.7
	54.80
	96.24
	50.43
	96.77
	43.02
	96.25

	0.5
	219.79
	83.7
	106.11
	85.14
	55.96
	96.16
	51.53
	96.7
	39.15
	96.59


Table-1

Variation of inhibition efficiency of fish scale extract in 0.5M sulphuric acid concentration and time of immersion

Effect of time of immersion

            Experiments are conducted by varying the concentration of the extract with different time of immersion on mild steel corrosion and the results are listed in table 1. Effect of time of immersion on inhibition efficiency is pictorially represented in the figure 2. IE increases with increasing period of immersion. The gradual increase in IE upto 3hrs and after that there is enhancement in IE up to 24hrs. From the figure it is clear, the IE at 6, 12, 24 hrs are more or less same indicating the optimum period of immersion for maximum IE was found to be 6hrs.

           The consistent behaviour of the fish scale extract with an increase in immersion time indicates the stability and persistence of the inhibitor adsorption on the metal surface upto 24hrs.
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Fig-2

Temperature effect

                        Temperature resistant inhibitors are recommended for boiler systems. Investigations were carried out to select a suitable eco-friendly inhibitor that should work out even at elevated temperature. Our present study confirmed the excellent relationship between the temperature, concentration and IE.

            The mild steel samples are exposed to 0.5M H2SO4 at specific temperatures (303K, 313K, 323K, 333K, 343K, and 353K) for 30 minutes. The performance of the extract increased at all concentrations with temperature upto 333K. The maximum IE of 91% was observed with 0.5% concentration at 323K. Increase in IE with temperature can be explained due to increase in the adsorption of inhibitor molecule on mild steel surface up to 323K. The decrease in IE at higher temperature can be explained by the phenomenon desorption. Putilova (1960) compared the behaviour of the compounds whose adsorption falls appreciably with increase in temperature to the unstable catalytic poisons. Hence the maximum IE was observed at a temperature 323K.
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Fig-4
Table-2
Influence of temperature on corrosion rate of mild steel and inhibition efficiency of fish scale extract
	Conc(%)
	303K
	313K
	323K
	333K
	343K
	353K

	
	C.R. x 10
	I.E.%
	C.R.x 10
	I.E.%
	C.R. x 10
	I.E.%
	C.R.x10
	I.E.%
	C.R. x10
	I.E.%
	C.R. x10
	I.E.%

	blank
	127.42
	-
	.0053
	-
	667.48
	-
	650.65
	-
	1663.8
	-
	2684.6
	-

	0.05
	23.02
	81.93
	82.77
	82.19
	117.92
	82.33
	284.3
	56.3
	882.91
	46.93
	1428.6
	46.78

	1
	22.33
	82.47
	77.71
	83.28
	86.08
	87.1
	237.23
	63.53
	833.11
	49.92
	1398.1
	47.88

	0.15
	16.22
	87.26
	61.66
	86.73
	82.16
	87.69
	235.49
	63.8
	722.87
	56.55
	1306.5
	51.33

	0.2
	18.31
	85.62
	47.70
	89.73
	72.56
	89.12
	184.03
	71.71
	645.15
	61.22
	1095.5
	59.19

	0.25
	19.71
	84.53
	43.69
	90.6
	71.78
	89.24
	155.24
	76.13
	650.21
	60.91
	1280.4
	52.3

	0.3
	20.75
	83.7
	42.30
	90.9
	64.28
	90.36
	152.63
	76.54
	621.26
	62.65
	1153.9
	57.01

	0.35
	19.27
	86.31
	40.99
	91.18
	60.00
	92.12
	151.76
	76.67
	546.42
	67.15
	1132.1
	57.82

	0.4
	19.97
	84.32
	43.26
	90.69
	52.59
	92.12
	131.70
	79.75
	530.20
	68.13
	987.31
	63.22

	0.45
	20.67
	83.77
	41.69
	91.03
	59.83
	91.03
	122.97
	81.09
	553.40
	66.73
	890.50
	66.82

	0.5
	21.97
	83.7
	47.88
	89.7
	60.09
	90.99
	117.74
	81.9
	454.93
	72.65
	910.56
	66.08


Adsorption isotherm

                        In acid corrosion generally, it is assumed that inhibitors act through a process of adsorption on the metal surface. The adsorption at the active sites of the metal surface may hinder the reactivity of the metal in the process of dissolution. The knowledge of the adsorption behavior of the inhibitors is important for the definition of its action and mechanism. For this reason, the dependence of surface coverage on the inhibitor concentration is studied through adsorption isotherms.

            In the present study, the plot of log (/1-( vs. log C (table-3) gave straight line indicating that the system obeyed Langmuir adsorption isotherm (fig 5).

            Adsorption of the inhibitor was found to follow Langmuir adsorption isotherm as is evident from the linear plots of log (/1-( vs. log C.
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Fig-5

Table-3
Dependence of log ((/1- () on log C for F.S. in sulphuric acid
	Log C
	LOG(θ/1-θ)

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

	-1.30103
	0.6564
	0.6641
	0.6683
	0.11
	-0.0534
	-0.0560

	-1
	0.6725
	0.6973
	0.8294
	0.241
	-0.0014
	-0.0368

	-0.82391
	0.8356
	0.8152
	0.8526
	0.2461
	0.1144
	0.0231

	-0.69897
	0.7748
	0.9413
	0.9133
	0.4039
	0.1983
	0.1615

	-0.60206
	0.7375
	0.984
	0.9187
	0.5037
	0.1926
	0.0399

	-0.52288
	0.7105
	0.9995
	0.9718
	0.5136
	0.2246
	0.1226

	-0.45593
	0.7996
	1.0144
	1.0678
	0.5167
	0.3105
	0.1370

	-0.39794
	0.7306
	0.9886
	1.0678
	0.5953
	0.3299
	0.2352

	-0.34679
	0.7128
	1.0063
	1.0063
	0.6322
	0.3023
	0.3040

	-0.30103
	0.7105
	0.9399
	1.0042
	0.6556
	0.4242
	0.2896


Energy of activation:
                         The data obtained from weight loss measurements were plotted in accordance to Arrhenius equation.

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

            R = gas constant 

            T = absolute temperature

                          The activation energies for corrosion process are estimated from the slopes of lines of Arrhenius plot and given in table-4
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Fig-6

Table-4
KINETIC AND THERMODYNAMIC PARAMETER OF MS IN PRESENCE OF F.S. IN 0.5M H2SO4

	CONCENTRATION

(%)
	ACTIVATION ENERGY (Ea)

KJ/mol
	FREE ENERGY OF ADSORPTION

(-∆G)

KJ/mol
	HEAT OF ADSORPTION

(-∆H)

KJ/mol
	ENTROPY

CHANGE (∆S)

J/mol

	
	
	303
	313
	323
	333
	343
	353
	
	

	BLANK
	68.11317
	-
	-
	-
	-
	-
	-
	
	

	0.05
	73.20293
	21.45
	22.20
	22.94
	20.09
	19.62
	20.17
	45.5794
	73.8

	1
	73.19868
	19.80
	20.59
	22.07
	19.00
	17.98
	18.27
	48.6529
	87.3

	0.15
	75.47197
	19.72
	20.25
	21.12
	17.91
	17.59
	17.48
	49.0731
	90.7

	0.2
	73.31689
	18.64
	20.25
	20.73
	18.12
	17.32
	17.57
	48.0021
	87.7

	0.25
	71.44131
	17.87
	19.93
	20.16
	18.14
	16.64
	16.10
	55.4234
	111.8

	0.3
	68.93662
	17.25
	19.55
	20.00
	17.70
	16.33
	16.12
	53.0049
	105.3

	0.35
	69.04965
	17.38
	19.23
	20.18
	17.29
	16.46
	15.76
	53.2818
	106.6

	0.4
	66.37929
	16.64
	18.73
	19.82
	17.42
	16.20
	16.04
	47.612
	90.0

	0.45
	64.84537
	16.24
	18.53
	19.12
	17.33
	15.69
	16.15
	44.6367
	81.9

	0.5
	61.8832
	15.96
	17.86
	18.83
	17.19
	16.19
	15.75
	40.0078
	68.6
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Fig-7

From the table it is understood the energy of activation changes in the presence of the inhibitor.

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

Thermodynamic parameter 
           The thermodynamic functions, free energy of adsorption, entropy and enthalpy in the presence of inhibitors can be calculated by using the standard equation

Log C=log ((/1- ()-log B

Where log B= -1.74-(-∆G/2.303RT)

                  C= inhibitor concentration.

            From the table, it is noted that the values of ∆G are found to be negative in presence and absence of inhibitor. This indicates a strong interaction between the metal surface and the inhibitor molecules and spontaneous adsorption of inhibitor on the surface of the mild steel. The value of ∆G is found to be in the order of around 20 KJ/molecules.

           A plot of ∆G vs. T is a straight line which is depicted in figure7. The values of ∆H and ∆S are taken from intercept and slope respectively. The values of ∆Hand ∆S indicate that the system is enthalpic and entropic controlled.

Table-5
Performance evaluation of the fish scale extract in 0.5M sulphuric acid

	Concentration%
	Inhibition efficiency %

	
	Room temp (303K)
	High temp (353K)
	Time of immersion (24hrs)

	0.5
	86.31
	57.82
	96.59
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Fig-8

Electrochemical measurements
            Electrochemical measurements were carried out using electrochemical analyzer solartron 1284B. Linear polarization measurements, Tafel intercept method or electrochemical impedence measurement carried out for mild steel acid corrosion in the presence of fish scale extract. Electrochemical studies will be helpful to predict the nature of inhibitor – anodic, cathodic, or mixed type inhibitors and to predict a suitable mechanism for inhibition process. The values of corrosion kinetic parameters – corrosion current (Ecorr), corrosion current density (Icorr), Tafel slopes (ba and bc), linear polarization resistance (Rp) are recorded in the table (6).

Potentiodynamic studies
            From Potentiodynamic studies, the polarization curves obtained in the presence and absence of fish scale are depicted in the figure-9. The results indicate a considerable reduction in Icorr values in the presence of the inhibitor. Thus confirms the inhibitive nature of the fish scale and also the adsorption of fish scale on metal surface. The values of IE are found to be increasing with increase in concentration of inhibitor. Around 78% of inhibition was obtained with 0.5% concentration. No significant change in Ecorr values in the presence of inhibitor indicate the mixed nature of the inhibitor Tafel constant ba and bc are found to be changing with the concentration of the inhibitor. Polarization curves obtained in the presence of the inhibitor also reveals that the fish scale under investigation is controlling the metal dissolution reaction as well as hydrogen evolution reaction. It can be concluded from the results obtained that the fish scale acts as a mixed inhibitor.

Linear polarization Resistance methods
           Linear polarization Resistance values in presence and absence the inhibitors are tabulated in the table-6 increase in RP values with increase in concentration of the fish scale understudy indicate the effective inhibitive action of the inhibitor. The maximum IE using Rp values was found to be 78%.

Table-6

ELECTROCHEMICAL AND CORROSION PARAMETERS FOR MS IN THE PRESENCE OF F.S IN 0.5M H2SO4
	CONC. OF F.S

(%)
	Ecorr X (10-3)

(VOLTS)
	Icorr X (10-4)

(Amp/cm2)
	ba

(mV/dec)
	bc

(mV/dec)
	I.E

(%)
	Rp

Ohm/cm2
	I.E

(%)

	Blank
	0.54333
	30.817


	157.65
	135.05
	-
	8.6168
	-

	0.1
	0.46766
	9.3265
	128.15
	83.442
	69.74


	24.581
	64.94

	0.15
	0.46773
	8.8694
	130.11
	88.258
	71.21
	25.055
	65.61

	0.25
	0.46507
	8.2456
	121.63
	82.713
	73.24
	25.362
	66.02

	0.35
	0.46353
	7.0855


	31.253
	45.926
	77.00
	34.796
	75.24

	0.5
	0.46174
	6.5006
	27.284
	39.217
	78.90
	40.546
	78.75



Fig-9
Electrochemical impedance spectroscopy

             Electrochemical impedance spectroscopy is a sophisticated technique and an important tool to study the mechanism of inhibition process. Electrochemical impedence spectroscopy measurements are done in the presence and absence of fish scale and the values of Rct and Cdl are given in the table-7. The Nyquist plots for the present system are represented in the figure-10. The depressed semicircles are obtained in the presence of the inhibitors and this difference has been attributed to the frequency dispersion. The low values of phase angle in the Bode plots of figure –10. At low frequency indicate that no diffusion control occurs under this condition. The impedance parameters such as charge transfer for resistance (Rct) and double layer capacitance (Cdl) with their respective IE are represented in the table-7. From the table it is clear that Rct increases with increase in concentration of inhibitor. The semicircle obtained for the present system indicates that the adsorption of inhibitors molecule are charge transfer controlled. Maximum IE using Rct values is found to be at 81% at 0.3% concentration using Cdl values the surface coverage was found to be 0.55.

Table-7

	CONC. OF F.S

(%)
	Rct Ohm/cm2
	I.E. (%)
	Cdlx10-5
	(

	Blank
	15.195
	-
	19.9
	-

	0.1
	25.465
	40.33
	13.0
	0.3467

	0.15
	26.129
	41.85
	12.3
	0.3819

	0.25
	29.005
	47.61
	10.5
	0.4724

	0.35
	49.264
	69.16
	10.4
	0.4774

	0.5
	54.801
	72.27
	8.941
	0.5507


Impedance study
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Fig-10
Table-8
Performance evaluation of the fish scale using conventional weight loss method and electrochemical measurements.
	Conc%
	Wt.loss%
	Electrochemical measurements

	
	
	Rp%
	Rct%
	Icorr%
	(x100

	0.5
	96.59
	78.9
	78.75
	72.27
	55.07
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Fig-11
Comparison of IE obtained by various techniques
            IE values obtained from Icorr values for different concentration of compounds under study do not show absolute agreement with those obtained from weight loss measurement. This observation can be explained in the following ways. Weight loss measurements are experiments of long duration, which helps in the formation of a thick, inherent and continuous film on the metal surface. This leads to the complete shielding of the metal surface from the corrosive environment whereas polarization studies are experiments of short duration and the time will not be enough for the formation of a thick and continuous film. This leads to low value of IE in some cases (Quraishi et al., 1996).

Mechanism of inhibition
                        A corrosion inhibitor is a substance which when added in small amount to an environment normally corrosive to a metal or alloy in contact with effectively reduces the corrosion rate.
                         According to Machu (1957) the inhibitors function by getting uniformly adsorbed over the entire metal surface. Mann (1936) has suggested that the organic compounds get adsorbed through the polar unit present in them.

                         In the present study with fish scale extract has proved it to be an effective inhibitor for mild steel in acid media. The fish scale contains proteins, minerals such as CaCO3, Mg (PO4)4, etc along with fat. During the extract preparation the proteins would have been hydrolysed into amino acid. The nitrogen sulphur  and oxygen atoms present in the amino acids contain lone pair of electrons. According to Hackerman(1954) the adsorption of the inhibitor molecules on the metal surface is through the unshared pair of electrons present on the hetero atoms.
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                         Numerous studies has proved the synergistic effect of cations and anions during corrosion inhibition. The cations and anions present in the extract would have helped to improve the performance of the extract.

                          Most of the constituents present in the extract can be adsorbed on the mild steel giving rise to such inhibition. It is hard to decide which of these constituents is responsible for this inhibition. It may be one or more or even all of them acting in synergism.  

5. Summary and Conclusion
            Trend in corrosion research have changed rapidly over the years. It has started with simple galvanic measurements and has now come to the use of potentio / Galvanostatic sophisticated instrumentation and the revolution in computer technology make the possibility of online monitoring of corrosion.

            Corrosion control methods, especially the use of inhibitors, have gained monumental importance in the present scenario of expunging corrosion and the quest for ecofriendly reasons continues.

            In this direction, to arrive at an inexpensive non-toxic ecofriendly inhibitor formulations the present study on the use of aquatic waste – fish scale extract has been carried out by the classical weight loss measurements and polarization measurement.

                        The weight loss measurements were conducted for mild steel in 0.5M H2SO4 with and without the inhibitor for various concentration of the investigated extract at different time interval and temperature change (from 303(K – 338(K). From the calculated weight loss, the inhibition efficiency of each concentration was calculated.

                        Temperature study helped in predicting the mechanism of inhibition and to calculate the thermodynamic parameters of the corrosion process. Efforts have been taken to fit the adsorption isotherms such as Langmuir and Temkin. 

            Polarization techniques such as Tafel, Linear polarization resistance and Electrochemical impedance spectroscopy have been conducted to find out the inhibitor efficiencies of the acid extracts and nature of the inhibitor.


           The results obtained by Tafel, Linear polarization resistance and impedance spectroscopy have been correlated with the classical weight loss measurements.


The results obtained during this investigation have been summarized as follows:

1. The acid extract of aquatic waste –fish scale could bring out a maximum of 96.59% IE of mild steel corrosion in 0.5M H2SO4.

2. The extract was temperature resistant. The IE obtained was 87.26% at room temperature which increased to 90.99% at 323K after which it declined.

3. Optimum time of immersion for the fish scale extract was found to be 6hrs with 96% IE.

4. The inhibitor used in the current study followed Langmuir adsorption isotherm which indicated the monolayer formation with heterogeneity in the surface of the electrode.

5. Thermodynamic parameters showed that the inhibition as a spontaneous with adsorption of inhibitors on the metal surface.

6. Values of activation energy infer the strong adsorption of inhibitor molecules on mild steel surface.

7. Values of Tafel constant ba and bc confirm that the fish scale extract acts like mixed type inhibitor.

8. Polarization curves obtained in the presence of the extract indicate that it controls both anodic and cathodic reactions.

9. Increase in Rp and Rct values and decrease in Icorr and Cdl values confirm that the fish scale extracts are adsorbed on the mild steel surface and inhibition process is followed by monolayer adsorption.

10. IE by weight loss methods were found to be greater than electrochemical measurement.

11. Aquatic waste –fish scale extract in H2SO4 medium efficiently inhibits the corrosion and prove to be zero cost inhibitor, ecofriendly environmentally friendly.

12. Cost effective and non-toxic to the environment.

                  In the current investigation the aquatic waste-fish scale extract play a major role in reducing the metal dissolution as well as hydrogen evolution and protect the mild steel surface from corrosion. Thus the fish scale extract has been proved to be zero cost, eco-friendly and highly economical inhibitor.

6. Bibliography

· Afidah A. Rahim, E. Rocca, J. Steinmetz, M.J. Kassim, R. Adnan and M. Sani Ibrahim Mangrove tannins and their flavanoid monomers as alternative steel corrosion inhibitors in acidic medium Corrosion Science Volume 49, February 2007, Pages 402-417 
, 
· Al-Sehaibani. H.  Evaluation of Extracts of Henna Leaves as Environmentally Friendly Corrosion Inhibitors for Metals. Volume 31, 2000, Pages 1060 - 1063
· Bouyanzer .A., Hammouti. B. Materials Lettersand Majidi. L. Pennyroyal oil from Mentha pulegium as corrosion inhibitor for steel in 1 M HCl  Volume 60, October 2006, Pages 2840-2843 
· Chauhan. L.R. and Gunasekaran.G.  Corrosion inhibition of mild steel by plant extract in dilute HCl medium Corrosion Science Volume 49, March 2007, Pages 1143-1161 

· El-Etre A.Y.
Applied Surface Science volume 252, October 2006, Pages 8521-8525
 of SX 316 steel corrosion for acid  Khillah extract as inhibitor
· El-Etre A.Y.Inhibition of acid corrosion of carbon steel using aqueous extract of olive leaves Journal of Colloid and Interface Science Volume 314, 15 October 2007, Pages 578-583 
· El-Etre A.Y.Inhibition of C-steel corrosion in acidic solution using the aqueous extract of zallouh root Materials Chemistry and Physics Volume 108, 15 April 2008, Pages 278-282 
· El-Etre. A.Y. and Abdallah. M. Natural honey as corrosion inhibitor for metals and alloys. II. C-steel in high saline water Corrosion Science Volume 42, April 2000, Pages 731-738 
· Erich M. Mueller and C. Steven Sikes, The Mineralization Center, University of South Alabama, Mobile, AL 36688 Coral Matrix Protein Fractions as Inhibitors of Corrosion and Scaling

· Fabrizio Zucchi, IbrahimHashiOmar Plant extracts as corrosion inhibitors of mild steel in HCl solutions Surface Technology Volume 24, April 1985, Pages 391-399 

· Farooqi. I.H., Aqbal Hussain, Saini. P.A., Quraishi. M.A.  Study of low cost eco-friendly compounds as corrosion inhibitors for cooling systems. Anti-Corrosion Methods and Materials Year: 1999 Volume: 46 Page: 328 – 335
· Hackermam.N and A.C.Makrides.Ind.Engg.Chem,46(1954) 523.
· Ita. B.I., inhibition of the corrosion of mild steel in hydrochloric acid by isatin and isatin glycine,  Bull. Chem. Soc. Ethiop. 2006, 20(2), 253-258.
· Khamis. E., Professor , Hefnawy.A., El-Demerdash. A.M.   Acid Cleaning of Steel Using Arghel Echo Friendly Corrosion Inhibitor Volume 38, Pages 227 – 232 Mar 2007

· Lakshmi S, Painkili V, Ramachandran.J & Vimala B., Inhibition of corrosion of mild steel in acid media by seed powder extract of Brassica-Juncea-Cruciferae.Bull.Electrochem.2006,Vol22,No1,11-5.
· Machu.W and M.G.Fouad, Werks.U.Korros 8 (1957) 139-45.

· Mann.C.A, Trans Electro Chemical Soe.69(1936) 116

· Minhaj.A., Saini.P.A., Quraishi.M.A., Farooqi.I.H A study of natural compounds as corrosion inhibitors for industrial cooling systems. Corrosion prevention and control, vol4, (1999) pg:32-36

· Mohamed Ismail Awad  Eco friendly corrosion inhibitors: Inhibitive action of quinine for corrosion of low carbon steel in 1 m HCl .Journal of Applied Electrochemistry Volume 36, October, 2006, Pages 1163-1168
· Orubite.K.O. and Oforka.N.C. Inhibition of the corrosion of mild steel in hydrochloric acid solutions by the extracts of leaves of Nypa fruticans Wurmb Materials Letters Volume 58, April 2004, Pages 1768-1772 

· Prithiba, Subhashini.S., Rajalakshmi.R, Sathiyanarayanan.S, Marikkannu.C, and SivakamaSundari.S,2002,ISAEST-VII,C138-141.

· Puhlova.I.N, Belezin.S.A and Baraik.V.P(1960) Metallic corrosion inhibitors, New York Pergamam press.

· Quraishi.M.A.,Khan,M.A.W. Ajmal.M. influence of some thiazole derivatives on the corrosion of mild steel in HCl. Anticorrosion methods and materials.vol-43,pg-5

· Rajalakshmi.R, Sathiyanarayanan.S, Marikkannu.C, and SivakamaSundari.S,2002, ISAEST-VII,C142-145.

· Sakthivel.P, Nirmala.P.V., Umamaheswari.S, Alice Arul Antony.A., Paruthimal Kalaignan.G., Gopalan.A., Vasudevan.T corrosion inhibition of mild steel by extracts of Pongamia  Glabra and Annona Squamosa in acidic media,Bull.Electrochem.,Vol5,No2(1999),83-86.
· Sethuraman.M.G.,Ajesh.T.P.,and Vinod Kumar.K.P.,10th National Convention of Electrochemistry.(2001),13-14.

· Subhashini.S., Sathiyanarayanan.S, Marikkannu.C, and SivakamaSundari.S,2002,ISAEST-VII,C146-148.

· Umoru. L.E., Fawehinmi. I.A.and Fasasi.A.Y.  Investigation of the Inhibitive Influence of Theobroma Cacao and Cola Acuminata Leaves Extracts on the Corrosion of a Mild Steel in Sea Water.Journal of Applied Sciences Research 2(4): 200-204, 2006

· Valekand Martinez. S. Copper corrosion inhibition by Azadirachta indica leaves extract in 0.5 M sulphuric acid MaterialsLetters Volume 61, January 2007, Pages 148-151 
. L.,
· YanLi, PengZhao QiangLiang and BaorongHou Berberine as a natural source inhibitor for mild steel in 1 M H2SO4 Applied Surface Science Volume 252, 15 December 2005, Pages 1245-1253 

� EMBED MSPhotoEd.3  ���





Time Factor








Temperature factor





Geometry Factor








Stress Factor








Environment Factor








Material Factor








Factors influencing corrosion reaction





Environmental Change





Cathodic and Anodic Protection





Design





Coatings





Material Selection








_1270575366.bin

