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1. INTRODUCTION

In the history of the use of the metals, the past 150 years have been closely associated with alloys of metals such as iron, aluminium, and copper. The continuous growth of world population together with the expected decline in high grade ores and energy source will necessitate a more efficient utilization of metals based construction of materials. The rapid industrialization of many countries indicates that the competition for and the price of metal resources will increase. It is obvious that the metals are extremely important in modern engineering, yet many can be badly affected by corrosion.


A great majority of people equate corrosion with rust, mostly an object of aversion, corrosion is degenerative phenomenon that affects almost every metal. Though iron was not the first metal used by human, it was certainly been the most used and probably have been one of the first, with which serious problems were faced with regard to corrosion. Hence it is not surprising that the terms corrosion and rust are nearly synonymous in common place.

The driving force that causes metals to corrode is a natural consequence of their temporary existence in metallic form. To reach this metallic state from their occurrence in nature in the form of various chemical compounds (ores), it is necessary for them to absorb and store up for later return by corrosion, the energy required to release the metals from their original compounds. The thermodynamic or chemical energy stored in a metal or that is freed by its corrosion varies from metal to metal. It is relatively high for metals such as magnesium, aluminum, and iron, and relatively low for metals such as copper, silver and gold.

WHAT IS CORROSION?

Corrosion is breaking down of essential properties in a material due to reactions with its surroundings. In the most common use of the word, this means a loss of an electron of metals reacting with water and oxygen. Weakening of iron due to oxidation of the iron atoms is a well-known example of electrochemical corrosion. This is commonly known as rust. This type of damage usually affects metallic materials, and typically produces oxide(s) and/or salt(s) of the original metal. Corrosion also includes the dissolution of ceramic materials and can refer to discoloration and weakening of polymers by the sun's ultraviolet light and also degradation of plastics, concrete and wood, but generally refers to metals.
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Rust, the most familiar example of corrosion.

Most structural alloys corrode merely by exposure to moisture in the air, but the process can be strongly affected by exposure to certain substances. Corrosion can be concentrated locally to form a pit or crack, or it can extend across a wide area to produce general deterioration. While some efforts to reduce corrosion merely redirect the damage into less visible, less predictable forms, controlled corrosion treatments such as passivation and chromate-conversion will increase a material's corrosion resistance.

Corrosion is a naturally occurring phenomenon. Like other natural hazards such as earthquakes or severe weather disturbances, corrosion can cause dangerous and expensive damage to everything from vehicles, home appliances, water and wastewater systems, to pipelines, bridges, and public buildings. Unlike many natural disasters however, there are time-proven methods to prevent and control corrosion that can reduce or eliminate its impact on public safety, the economy, and the environment.

DEFINITIONS

· Physicochemical interaction between a metal and its environment which results in changes in the properties of the metal and which may often lead to impairment of the function of the metal, the environment, or the technical system of which these form a part.( ISO 8044-1986) 
· Corrosion is an irreversible interfacial reaction of a material (metal, ceramic, and polymer) with its environment, which results in consumption of the material or in dissolution into the material of a component of the environment. (IUPAC)
· Chemical action, which causes destruction of the surface of a metal by oxidation or chemical combination.. Also caused by reduction of the electrical efficiency between the metal and a contiguous substance or to the disintegrating effect of strong electrical currents or ground return currents in electrical systems. The latter is known as electrolytic corrosion. (www.ilnorplex.com)
· The electrochemical degradation of metals/alloys or chemical degradation of materials (glass, concrete, etc.) due to a reaction with their environment; usually accelerated by the presence of acids or bases. (www.pqcorp.com)
· A surface electrochemical phenomenon common to all base metals in aqueous or humid environments whereby metal ions are developed at a cathodic site and the electrons associated with this dissolution accepted at an anodic site. (www.erc.montana.edu)
· NACE International definition: The deterioration of a material, usually a metal, that results from a reaction with its environment.
THE CONSEQUENCES OF CORROSION

The consequences of corrosion are many and varied and the effects of these on the safe, reliable and efficient operation of equipment or structures are often more serious than the simple loss of a mass of metal. Failures of various kinds and the need for expensive replacements may occur even though the amount of metal destroyed is quite small. Some of the major harmful effects of corrosion can be summarized as follows:

1. Reduction of metal thickness leading to loss of mechanical strength and structural failure or breakdown. When the metal is lost in localized zones so as to give a crack like structure, very considerable weakening may result from quite a small amount of metal loss.

2. Hazards or injuries to people arising from structural failure or breakdown (e.g. bridges, cars, aircraft).

3. Loss of time in availability of profile-making industrial equipment.

4. Reduced value of goods due to deterioration of appearance.

5. Contamination of fluids in vessels and pipes (e.g. beer goes cloudy when small

quantities of heavy metals are released by corrosion).

6. Perforation of vessels and pipes allowing escape of their contents and possible harm to the surroundings. For example a leaky domestic radiator can cause expensive damage to carpets and decorations, while corrosive seawater may enter the boilers of a power station if the condenser tubes perforate.

7. Loss of technically important surface properties of a metallic component. These could include frictional and bearing properties, ease of fluid flow over a pipe surface, electrical conductivity of contacts, surface reflectivity or heat transfer across a surface.
8. Mechanical damage to valves, pumps, etc, or blockage of pipes by solid corrosion products.

9. Added complexity and expense of equipment, which needs to be designed to withstand a certain amount of corrosion, and to allow corroded components to be conveniently replaced.

COSTS OF CORROSION

Corrosion damage costs real money; consider the saying: 

"Paying a little now (for prevention), or paying a lot later (for damage)".

Corrosion and its cost have been developed since ancient times, but only recently have serious attempts been made to estimate the total cost to the community at large. Our economy would be drastically changed if there were no corrosion. But corrosion touches all inside and outside the home, on the road, on the sea, in the plant and in the vehicles.

The annual cost of corrosion in India and other countries is enormous. The cost of corrosion in the United States was found to increase from $5 billion(2.1% of Gross National Product) in 1949 to $16 billion in 1986.currently it is estimated $170 billion per year by the American public.

 In the Canadian context, corrosion cost in 1991 was about $can3.475 billion out of which an estimated $can233 million are avoidable costs by adopting corrosion control methods.

The cost of corrosion in Germany in 1978 was found to be 45 DM billion and has increased to 117 DM billion during 1994.

In Iran the cost of corrosion has increased from ~5,000(R/S billion) in 1994 to 9,000(R/S billion) in 1997.  

FORMS OF CORROSION

All forms of corrosion, with the exception of some types of high temperature corrosion, occur through the action of the electrochemical cell. The elements that are common to all corrosion cells are an anode where oxidation and metal loss occur, a cathode where reduction and protective effects occur, metallic and electrolytic paths between the anode and cathode through which electronic and ionic current flows, and an electrical potential difference that drives the cell. The driving potential may be the result of differences between the characteristics of dissimilar metals or surface conditions, and the environment, including chemical concentrations. There are specific mechanisms that cause each type of attack, different ways of measuring and predicting them, and various

methods that can be used to control corrosion in each of its forms.
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Over the years, corrosion scientists and engineers have recognized that corrosion manifests itself in forms that have certain similarities and therefore can be categorized into specific groups. However, many of these forms are not unique but involve mechanisms that have over lapping characteristics that may influence or control initiation or propagation of a specific type of corrosion. 

The most familiar and often used categorization of corrosion is: uniform attack, crevice corrosion, pitting, intergranular corrosion, selective leaching, erosion corrosion, stress corrosion, and hydrogen damage. This classification of corrosion was based on visual characteristics of the morphology of attack. 

Other prominent corrosion authors have avoided a classification format and have simply discussed the classical types of corrosion (for example, pitting and crevice corrosion) as they relate to specific metals and alloys. 

Forms of corrosion are: 

1. General corrosion 

2. High-temperature corrosion 

3. Localized corrosion 

4. Metallurgically influenced corrosion 

5. Mechanically assisted degradation 

6. Environmentally induced cracking 

General Corrosion

 It is normally characterized by a chemical or electrochemical reaction which proceeds uniformly over the entire exposed surface or over a large area. The metal becomes thinner and eventually fails. 

High-temperature corrosion

Although high-temperature attack in gaseous environments, liquid metals, and molten salts may manifest itself as various forms of corrosion, such as stress-corrosion cracking and de-alloying, high-temperature attack has been incorporated under the term "General Corrosion" because it is often dominated by uniform thinning. 

Localized Corrosion

The forms of corrosion under this category need no explanation, even though other forms could be placed in this category. It should be noted, however, that localized biological corrosion often causes or accelerates pitting or crevice corrosion. 

Metallurgically influenced corrosion

It was so classified as a result of the significant role that metallurgy plays in intergranular and dealloying corrosion. It is well understood that metallurgy is important in all forms of corrosion, but this classification is meant to emphasize its role in these specific forms of attack.

Mechanically assisted degradation 

These forms of corrosion contain a mechanical component, such as velocity, abrasion, and hydrodynamics, which has a significant effect on the corrosion behavior. Corrosion fatigue was included in this category because of the dynamic stress state; however, it could easily be categorized as a form of environmentally induced cracking. 

Environmentally induced cracking

It follows the current trend in the literature of combining forms of cracking that are produced by corrosion in the presence of stress.
The following pie chart summarizes the findings of 363 corrosion failure cases investigated in a major chemical processing company. (www.corrosion-doctor.com)
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FACTORS INFLUENCING CORROSION REACTIONS

In order to define the strength of an engineering material for a corrosion based design it is essential to define the nature of the environments affecting the material over time.  Material, environment, stress, geometry, temperature and time are the various factors influencing corrosion. But the Environment has more effect on the corrosion. 
Corrosion and its environmental aspects

Corrosion involves the interaction (reaction) between a metal or alloy and its environment. Corrosion is affected by the properties of both the metal or alloy and the environment. In this discussion, only the environmental variables will be addressed, the more important of which include: 

· pH (acidity) 

· Oxidizing power (potential) 

· Temperature (heat transfer) 

· Velocity (fluid flow) 

· Concentration (solution constituents) 

CORROSION IN DIFFERENT ENVIRONMENTS

Corrosion of metals in aqueous environments 

This type of corrosion is almost always electrochemical in nature. It occurs when two or more electrochemical reactions take place on a metal surface. As a result, some of the elements of the metal or alloy change from a metallic state into a non-metallic state. 

The products of corrosion may be dissolved species or solid corrosion products. In either case, the energy of the system is lowered as the metal converts to a lower-energy form. Rusting of steel is the best-known example of a conversion of the metal (iron) into a nonmetallic corrosion product (rust). The change in the energy of the system is the driving force for the corrosion process and is a subject of thermodynamics. 

Thermodynamics examines and quantifies the tendency for corrosion and its partial processes to occur. It does not predict if the changes actually will occur and at what rate. Thermodynamics can predict, however, under what conditions the metal is stable and corrosion cannot occur. 

Corrosion in Molten Salts and Liquid Metals

 These are more specific but important areas of corrosion in liquid environments. Both have been strongly associated with the nuclear industry, for which much of the research has been performed, but there are numerous non-nuclear applications as well. 

Corrosion in Gases
 In gaseous corrosion, the environment is nonconductive, and the ionic processes are restricted to the surface of the metal and the corrosion product layers. 

Because the reaction rates of industrial metals with common gases are low at room temperature, gaseous corrosion, generically called oxidation, is usually an industrial problem only at high temperatures when diffusion processes are dominant.

CORROSION IN VARIOUS INDUSTRIES

Corrosion can seriously affect the industry's ability and the need to control corrosion is intensified by the high risk factors involved with ensuring that materials do not fail uncontrollably in aggressive operating environments. The materials used are often pushed to their limits.

Corrosion in Oil and Gas industries

 Corrosion continues to be a problem in all facets of the oil and gas industry. The study showed direct corrosion costs in oil and gas exploration and production of $1.4 billion/year, in petroleum refining $3.7 billion/year, in gas and liquid transmission pipelines $7.0 billion/year, in gas distribution $5.0 billion/year, in hazardous materials transport $0.9 billion/year, and in hazardous materials storage $7.0 billion/year. All these sectors were investigated individually, and showed specific corrosion issues for each industry. The corrosion cost issues range from added costs for new construction, to maintenance costs on aging/corroding equipment, the costs of inspections and structural integrity evaluations, to the costs associated with corrosion-related failures and outages.
In addition to the issues raised by processes used, the oil and gas industries are undergoing intense amounts of scrutiny in the United States from regulatory agencies and environmental groups. As a result, releases of pollutants to air, soil or water caused by corrosion leaks are becoming high consequence events. Various regulations in the last few decades have forced owners/operators to implement a number of costly measures to reduce their impact on the environment, both with the types of products they produce and the manner in which they operate.

“Safety in the oil and gas industry is a key concern of Pilot”.

Water and Sewage Systems

         It was surprised by the results of the very high cost of corrosion in the water and sewage industry. “People live with it but do not realize that the upkeep and replacement of the drinking water and sewage systems is costing society a large amount of money. It was somewhat of a surprise that corrosion of the drinking water and sewage infrastructure would be the most costly of all the sectors studies."
Astoundingly enough, very little is being done to prevent corrosion in the water and sewage industry. The problem of deterioration of the system is apparently so overwhelming that the one choice appears to be of just waiting for water and sewage lines to break. It is difficult to prevent corrosion cost in this industry, because, "Often the maintenance engineers don't even know the location of water and sewage lines and there is no way to measure the conditions of the lines."
Motor vehicles

                 The automotive industry is another story that illustrates what proper design and material selection can control and even prevent corrosion, thereby lowering the costs to the consumer. In a previous cost of corrosion study by Battelle Memorial Institute in the mid 1970's, a main focus was on the automotive industry. It was shown that automotive corrosion was one of the main contributors of the national cost of corrosion. "After this study, auto makers started to use galvanized steel and incorporate more corrosion conscious design and manufacturing techniques. Even though, the total costs of corrosion remain about the same today as before changes were implemented, due to an increase in the number of automobiles. Work done to prevent corrosion in cars has greatly benefited consumers. In fact, a significant percent-reduction in costs per vehicle has been observed.

Though costs have gone down, thanks to studies that provoked action, more is left to be done as technology in cars changes. Unfortunately, with this new technology comes a new cost. Cars are much better today in terms of not rusting on the outside, but new cars have a wide variety of electrical and electronic components on the inside, and these components are also subject to corrosion.

Aircraft
          Not every industry has done as much as the automotive to control costs of corrosion. For example, the airlines are subject to corrosion problems, primarily as a result of the aging of the fleets. "Airlines continue to fly planes past their design age, and corrosion is becoming a life-limiting factor on some of these airplanes. That needs to be looked at very carefully. In addition to affecting the cost of maintenance and operation, corrosion could start to have an effect on safety".
Civilian aircraft are not the only ones experiencing problems due to corrosion and aging of the fleet— so are defense fleets as well as other defense equipment. Corrosion has become a very costly factor in the Department of Defense. "A lot of the defense equipment is very old. For example, there are aircraft over 30 years old that are performing critical missions while there are no newer aircraft available to replace these aging aircraft. This may affect the readiness of these aircraft to fly their mission in time of war,"

Chemical industry

In the chemical industry, corrosion is often responsible for significant shutdown

and maintenance costs. Shutdowns are costly in terms of productivity losses,

restart energy, and material costs. Additionally, internal corrosion failures result in

contamination of products and process streams, and external corrosion leaks

create undesirable safety, personnel, and environmental hazards. These

shortcomings could be reduced by improving the capability for engineers to better

predict corrosion of alloys in many different conditions.

Many industries have a lopsided focus, viewing corrosion as a maintenance issue rather than a preventative one. “Emphasis should actually be placed on corrosion prevention and not corrosion repair”

CORROSION MONITORING TECHNIQUES
The field of corrosion measurement, control, and prevention covers a very broad spectrum of technical activities. Within the sphere of corrosion control and prevention, there are technical options such as cathodic and anodic protection, materials selection, chemical dosing and the application of internal and external coatings. Corrosion measurement employs a variety of techniques to determine how corrosive the environment is and at what rate metal loss is being experienced. Corrosion measurement is the quantitative method by which the effectiveness of corrosion control and prevention techniques can be evaluated and provides the feedback to enable corrosion control and prevention methods to be optimized.
Corrosion can lead to failures in plant infrastructure and machines, which are usually costly to repair, costly in terms of lost or contaminated product, in terms of environmental damage, and ultimately it may be costly in terms of human safety. 

Modern corrosion monitoring technologies can emphasize the highly time-dependent nature of corrosion damage.  The integration of corrosion monitoring technology in existing systems can also provide early warning of costly corrosion damage and provide information on where the damage is taking place.

Monitoring corrosion characteristics of a proposed or existing structure can lead to the proper selection of longer life materials, durable and protective coatings and corrosion control measures. Some corrosion measurement techniques can be used on-line, constantly exposed to the process stream, while others provide off-line measurement, such as that determined in a laboratory analysis. Some techniques give a direct measure of metal loss or corrosion rate, while others are used to infer that a corrosive environment may exist.
Real-time corrosion measurements refer to highly sensitive measurements, with a signal response taking place essentially instantaneously as the corrosion rate changes. Numerous real-time corrosion monitoring programs in diverse branches of industry have revealed that the severity of corrosion damage is rarely uniform with time. Complementary data from other relevant sources such as process parameter logging and inspection reports can be acquired together with the data from corrosion sensors, for use as input to the management information system.
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A variety of corrosion measurement techniques exists, including:





CORROSION MANAGEMENT

It can be achieved using preventive strategies in non-technical and technical areas. These preventive strategies include:

1. Increase awareness of large corrosion costs and potential savings.

2. Change the misconception that nothing can be done about corrosion.

3. Change policies, regulations, standards and management practices to increase corrosion savings through sound corrosion management.

4. Improve education and training of staff in recognition of corrosion control.

5. Advance design practices for better corrosion management.

6. Advance life prediction and performance assement methods.

7. Advance corrosion technology through research, development and implementation.
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NEED FOR CORROSION CONTROL


Virtually all metals suffer corrosion, so its effect permeate nearly every aspect of human endeavor and this fact alone should make the study of corrosion more important. It is necessary to apply more attention to metallic corrosion than was done earlier due to


♪ Increasing use of metals in all fields of technology


♪ Use of new strength alloys which are usually more susceptible to certain types of corrosive attack.


♪ Increasing pollution of air and water resulting in more corrosive environment.


♪ Strict safety standards of operating equipment, which may fail in a catastrophic manner due to corrosion.


Resources and many important metals are exhausted as time passes and their prices will become exorbitant. Rapidly diminishing metal resources will have far more profound effect on civilization than many publicized energy crisis. However, as yet there exist no practical substitutes 
to many commonly used metals and alloys whose scientific engineering properties make them indispensable. Evidently more concern must be shown for conservation of metals by minimizing losses due to corrosion.

CORROSION CONTROL METHODS

“Corrosion is often perceived as a curse we have to endure helplessly.

 
But there are many ways to prevent and control this natural force.”

There are number of methods used on large scale for combating corrosion.

Corrosion control methods include Cathodic Protection, Protective Coatings, Chemical Inhibitors, etc. 

Cathodic Protection 

In general, cathodic protection is an approach where the metal surface to be protected is made into the cathode of a corrosion cell. Since corrosion and material loss occurs at the anode, this approach protects the metal. 

There are two types of cathodic protection, the sacrificial anode and the impressed-current method. The sacrificial anode method is the simpler method, and utilizes galvanic corrosion. Sacrificial anodes are pieces of metal usually electrically connected by a wire or steel strap to the structure to be protected. The metals used must be less noble than steel (the common oil-field material), such as magnesium, zinc, or aluminum. The sacrificial anodes are preferentially corroded, protecting the (cathodic) steel from corrosion. Magnesium and zinc are usually used in soils, and zinc can also be used in brine environments. Sacrificial anodes are most often used when current requirements are relatively low, electric power is not readily available, and when system life is short, which calls for a low capital investment. 

Impressed-current method uses an external energy source to produce an electric current that is sent to the impressed-current anodes, which can be composed of graphite, high-silicon cast iron, lead-silver alloy, platinum, or even scrap steel rails. Impressed-current cathodic protection is used when current requirements are high, electrolyte conductivity is high, fluctuations in current requirements will occur, and when electrical power is readily available. 

Coatings 

Protective coatings can be used to protect tubing, downhole equipment, wellhead components, Christmas trees, and various flowlines and pressure vessels. Coatings work by reducing the cathodic area available for corrosion reaction. Since no coat can be 100% holiday-free (without pinholes or defects), coatings are often used in conjunction with cathodic protection or chemical inhibition. 

Quality control parameters for coating include surface finish/preparation, application techniques, coating thickness, holiday detection, joint condition, and inspection. Coated equipment must be carefully handled after coating to prevent defects in the coat. 

Corrosion Inhibitors 

There is a wide variety of corrosion inhibitor formulations available that can be selected to handle most environments in oil and gas production systems except those where oxygen is present. The application technique must match the systems mechanical and process considerations in order to assure that the inhibitor will reach the metal surface where needed. Most corrosion inhibitors, which are typically organic amine-based compounds, function by establishing a film that protects metal from corrosive fluids. 

The choice of a specific inhibition program is a combination of technical and economic considerations. The programs should be modified or adjusted periodically to optimize the program for cost effectiveness. Additionally, programs should be monitored and periodically reviewed because systems are continually changing. 

The use of chemical inhibitors to decrease the rate of corrosion processes is quite varied. In the oil production 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.

Inhibitors

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:

· Increasing the anodic or cathodic polarization behavior;

· Reducing the movement or diffusion of ions to the metallic surface;

· Increasing the electrical resistance of the metallic surface.

A typical good corrosion inhibitor will give 95% inhibition at concentration of 80 ppm, and 90% at 40 ppm. Some of the mechanisms of its effect are formation of a passivation layer (a thin film on the surface of the material that stops access of the corrosive substance to the metal), inhibiting either the oxidation or reduction part of the redox corrosion system (anodic and cathodic inhibitors), or scavenging the dissolved oxygen.

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.

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 as follows:


Passivating Inhibitors
Passivating inhibitors cause a large anodic shift of the corrosion potential, forcing the metallic surface into the passivation range. There are two types of passivating inhibitors. Oxidizing anions, such as chromate, nitrite and nitrate, which can passivate steel in the absence of oxygen. Non oxidizing ions such as phosphate, tungstate and molybdate that require the presence of oxygen to passivate steel

These inhibitors are the most effective and consequently the most widely used. Chromate based inhibitors are the least expensive inhibitors and were used until recently in a variety of applications, e.g. recirculation-cooling systems of internal combustion engines, rectifiers, refrigeration units and cooling towers. Sodium chromate, typically in concentrations of 0.04-0.1% was used for these applications.

At higher temperatures or in freshwater with chloride concentrations above        10 ppm higher concentrations are required. If necessary, sodium hydroxide is added to adjust the pH to a range of 7.5-9.5. If the concentration of chromate falls below a concentration of 0.016% corrosion will be accelerated. Therefore it is essential that periodic colorimetric analysis be conducted to prevent this from occurring. In general, passivation inhibitors can actually cause pitting and accelerate corrosion when concentrations fall below minimum limits. For this reason it is essential that monitoring of the inhibitor concentration be performed.

Cathodic inhibitors
Cathodic inhibitors either slow the cathodic reaction itself or selectively precipitate on cathodic areas to increase the surface impedance and limit the diffusion of reducible species to these areas. Cathodic inhibitors can provide inhibition by three different mechanisms as cathodic poisons, cathodic precipitates and Oxygen scavenger. 

Some cathodic inhibitors, such as compounds of arsenic and antimony, work by making the recombination and discharge of hydrogen more difficult. Other cathodic inhibitors, ions such as calcium, zinc or magnesium, may be precipitated as oxides to form a protective layer on the metal. Oxygen scavengers help to inhibit corrosion by preventing the cathodic depolarization caused by oxygen. The most commonly used oxygen scavenger at ambient temperature is probably sodium sulfite (Na2SO3).

Organic Inhibitors
Both anodic and cathodic effects are sometimes observed in the presence of organic inhibitors but, as a general rule, organic inhibitors affect the entire surface of a corroding metal when present in sufficient concentration. Organic inhibitors usually designated as 'film-forming', protect the metal by forming a hydrophobic film on the metal surface.The effectiveness of these inhibitors depends on the chemical composition, their molecular structure and their affinities for the metal surface. Because film formation is an adsorption process, the temperature and pressure in the system are important factors.

Organic inhibitors will be adsorbed according to the ionic charge of the inhibitor and the charge on the surface. Cationic inhibitors, such as amines or anionic inhibitors, such as sulfonates, will be adsorbed preferentially depending on whether the metal is charged negatively or positively. The strength of the adsorption is the dominant factor for soluble organic inhibitors.

For any specific inhibitor in any given medium there is an optimal concentration. For example, a concentration of 0.05% sodium benzoate or 0.2% sodium cinnamate, is effective in water with a pH of 7.5 and containing either 17 ppm sodium chloride or 0.5% by weight of ethyl octanol. The corrosion due to ethylene glycol in cooling water systems can be controlled by the use of ethanolamine as an inhibitor.

Precipitation Inhibitors
Precipitation inducing inhibitors are film forming compounds that have a general action over the metal surface, blocking both anodic and cathodic sites indirectly. Precipitation inhibitors are compounds that cause the formation of precipitates on the surface of the metal, thereby providing a protective film. Hard water that is high in calcium and magnesium is less corrosive than soft water because of the tendency of the salts in the hard water to precipitate on the surface of the metal and form a protective film.

The most common inhibitors of this category are the silicates and the phosphates. Sodium silicate, for example, is used in many domestic water softeners to prevent the occurrence of rust water. In aerated hot water systems, sodium silicate protects steel, copper and brass. However, protection is not always reliable and depends heavily on pH and a saturation index that depends on water composition and temperature. Phosphates also require oxygen for effective inhibition. Silicates and phosphates do not afford the degree of protection provided by chromates and nitrites, however, they are very useful in situations where non-toxic additives are required.
Volatile Corrosion Inhibitors
Volatile Corrosion Inhibitors (VCI), also called Vapor Phase Inhibitors (VPI), are compounds transported in a closed environment to the site of corrosion by volatilization from a source. In boilers, volatile basic compounds, such as morpholine or hydrazine, are transported with steam to prevent corrosion in condenser tubes by neutralizing acidic carbon dioxide or by shifting surface pH towards less acidic and corrosive values. In closed vapor spaces, such as shipping containers, volatile solids such as salts of dicyclohexylamine, cyclohexylamine and hexamethylene-amine are used.

On contact with the metal surface, the vapor of these salts condenses and is hydrolyzed by moisture to liberate protective ions. It is desirable, for an efficient VCI, to provide inhibition rapidly while lasting for long periods. Both qualities depend on the volatility of these compounds, fast action wanting high volatility while enduring protection requires low volatility. 

EFFECTS OF INHIBITORS ON CORROSION PROCESSES
In acid solutions the anodic process of corrosion is the passage of metal ions from the oxide-free metal surface into the solution, and the principal cathodic process is the discharge of hydrogen ions to produce hydrogen gas. In air-saturated acid solutions, cathodic reduction of dissolved oxygen also occurs, but for iron the rate does not become significant compared to the rate of hydrogen ion discharge until the pH exceeds a value of 3. An inhibitor may decrease the rate of the anodic process, the cathodic process or both processes.

The change in the corrosion potential on addition of the inhibitor is often a useful indication of which process is retarded. Displacement of the corrosion potential in the positive direction indicates mainly retardation of the anodic process (anodic control), whereas displacement in the negative direction indicates mainly retardation of the cathodic process (cathodic control). Little change in the corrosion potential suggests that both anodic and cathodic processes are retarded.

The following discussion illustrates the usage of anodic and cathodic inhibitors for acid cleaning of industrial equipment. The combined action of film growth and deposition from solution results in fouling that has to be removed to restore the efficiency of heat exchangers, boilers and steam generators.

The fouling of iron-based boiler tubes, by Fe3O4 and Fe2O3, can be dissolved in either the acidic or alkaline corrosion regions. In practice, inhibited hydrochloric acid has been repeatedly proven to be the most efficient method to remove fouling. Four equations are basically needed to explain the chemistry involved in fouling removal. Three of those equations represent cathodic processes:

Fe2O3 + 4 Cl- + 6 H+ + 2 e-  -->  2 FeCl2(aq) + 3 H2O ... (A)
Fe3O4 + 6 Cl- + 8 H+ + 2 e-  -->  3 FeCl2(aq) + 4 H2O ... (A')

2 H+ + 2 e- -->  H2 ... (A'')

and one anodic process, i.e. the dissolution of tubular material

Fe + 2 Cl- -->  FeCl2(aq) + 2 e- ... (C)
These equations indicate that the base iron functions as a reducer to accelerate the dissolution of iron oxides. Since it is difficult to determine the end point for the dissolution of fouling oxides, an inhibitor is generally added for safety purpose. Both anodic and cathodic inhibitor could be added to retard the corrosion of the bare metal after dissolution of the fouling oxides. The anodic inhibitor retards the anodic dissolution of iron at the end point, it concurrently decreases the rate of oxide dissolution permitted by the chemical system.

On the other hand, the cathodic inhibitor retards both the reduction of protons into hydrogen and the dissolution of the base metal while the reduction of the fouling oxides is left unaffected. The E-pH diagrams also indicate that the dissolution of the fouling oxides is also possible in alkaline solutions. But the kinetics of anodic and cathodic reactions in high pH environments are much slower and therefore these reactions less useful.

ENVIRONMENTALY SAFE CORROSION INHIBITOR FROM NATURAL PRODUCTS


Corrosion inhibitors are widely used for the protection of metal surfaces against corrosion. In some cases, their use is the only possible way to protect metals from an aggressive environment. Corrosion inhibitors cover a wide spectrum of chemical substances including both inorganic and organic compounds. In many cases, however, the highly efficient inhibitors are very toxic and, therefore, are a high risk to health and to the environment. There is a great need for new, low cost, environmentally safe, high performance corrosion inhibitors to replace the existing no-longer satisfactory substances such as chromates. The main aim of this project is to examine a new class of naturally based corrosion inhibitors. These materials have the potential to meet the need for a completely non-toxic, environmentally safe corrosion inhibitor. The research will be carried out to investigate critical issues related to the preparation and performance of the new inhibitor. The proposed new corrosion inhibitor should be highly efficient, non-toxic, biodegradable and is prepared almost entirely from renewable natural resources. Furthermore, the proposed technology is simple and the raw materials are free of cost. These key features are of great commercial potential for all applications where metallic surfaces have to be protected against corrosion.
INHIBTORS FOR ACID SYSTEM


Acid solutions are widely used in industry, the most important field of applications being acid pickling, industrial acid cleaning, acid descaling and oil well acidizing. Acids are used in numerous manufacturing processes in different industries. Because of the general aggressivity of acid solutions the practice of inhibition is commonly used to reduce the corrosive attack on metallic materials. However, the method of corrosion inhibition of materials must be evaluated in an environment of an interest because each environment is unique.



Corrosion inhibitors for acid cleaning processes are used to restrict the dissolution of base material and to decrease acid consumption and hydrogen gas evolution. Because of the toxic nature and high cost of some chemicals currently in use it is necessary to develop environmentally acceptable and less expensive inhibitors. 

HEN’S PROFILE

Conservation status: Domesticated
Scientific classification:

Kingdom:  Animalia
Phylum:    Chordata
Class:        Aves
Order:       Galliformes
Family:     Phasianidae
Genus:     Gallus
Species:   gallus domesticus

The chicken (Gallus gallus) is a type of domesticated fowl, believed to be descended from the wild Indian and south-east Asian Red Junglefowl and the Grey Junglefowl. Traditionally, it has been accepted that the domestic Chicken was descended solely from the former, but some recent genetic research has revealed that the yellow skin gene present in domestic fowl is not present in the Red Junglefowl; it is most likely that the yellow skin gene originated from that of Grey Junglefowl.

The chicken is one of the most common and wide-spread domestic animals. With a population of more than 24 billion in 2003, there are more chickens in the world than any other bird. Humans keep chickens primarily as a source of food, from both their meat and their eggs.
FEATHER

Feathers are the one most distinguishing characteristic of birds. There are five main structural categories of feathers, although there are intermediate forms.The quill (rachis) in the center of the feather provides a backbone around which the feather is constructed. Extending from both sides of the quill is a linear cluster of barbs. This is where the majority of the feather's pigments are located. Feathers are water repellent due to the secrete oils which are produced by the bird’s preen glands.

EVOLUTION OF FEATHERS
      There is a long-held assumption that feathers evolved from scales, but the nature and function of intermediate structures are unknown. There are no genes for feathers; their formation is due to the production of a set of unique protein molecules. 
Both the scales and reptiles of birds are composed of keratin, but the keratin of the beak, claws, foot scales, the different types of feathers, and reptilian scales all differ somewhat. So to say reptilian scales gave rise to feathers is an oversimplification, but they are closely related.
CHEMICAL COMPOSITION
 91% -protein (keratin), 1.3%- fat and 7.9% -water. (www.earthlife.net)
Most of the studies revealed that compounds especially with N, Sand O showed significant efficiency. In the present study, H.F is a material of choice, because of the presence of keratin (protein). This keratin when treated with acids gets hydrolyzed into amino acid (containing N), which acts as a key factor for the inhibition of corrosion. Hence, an attempt was made to utilize the acid extracts of H.F, as a corrosion inhibitor for mild steel.  
OBJECTIVES

The aim of the present investigation is to evaluate the efficacy of poultry waste-hen feather on corrosion of MS in 0.5M H2SO4 medium.

· To explore the inhibitive action of hen feather extract (H.F) in acid medium on the corrosion of MS.

· To study the effect of H.F on MS corrosion at various intervals of time with various concentration at room temperature.

· To evaluate the inhibition efficiency (I.E) of H.F at higher temperatures.

· To calculate the kinetic parameter of corrosion and thermodynamic parameter of adsorption of the inhibitor on MS surface.

· To fit the experimental data into various adsorption isotherms.

· To arrive at a suitable mechanism for adsorption process.

· To carry out the electrochemical measurements- linear polarization resistance method, Tafel intercept method and Electrochemical impedance measurements.

· To analyse the nature of the inhibitor-anodic or cathodic or mixed type from the electrochemical studies. 

· To compare the I.E obtained using conventional weight loss method and electrochemical measurements.

· To recommend zero cost poultry waste materials (hen feather) as inhibitor for MS corrosion.

2. Review of Literature

The extent of corrosion inhibitor usage has increased manifoldly during then past ten years, though the use of corrosion inhibitors for metallic protection could be traced to the later half of the 19th century. The first patent in corrosion inhibition was awarded to Baldwin (1960), Brititsh patent 2327 which involved the use of molasses and vegetable oils for pickling steel sheet in acid.

The insight of chemical abstracts provides a large extent of studies undertaken in this field. The necessary criteria for the selection of inhibitors are hydrophobicity, molecular structure, electron density at the donor atom of the inhibitor and solubility dispersibility of the inhibitor (Perumaroldi et al., 1991and Sastri et al., 1992). 

Large number of organic compounds and a quite few inorganic compounds were studied and are being studied to investigate their corrosion inhibition potential. An overview of these studies reveal that compounds especially those with heteroatom’s like N,S and O showed significant inhibition efficiency. But, unfortunately most of these compounds are not only expensive but also toxic to living beings and environment. Hence, greater research efforts have been directed towards formulating environmentally acceptable inhibitors. Plant extracts which are rich sources of these ingredients have very high inhibition efficiency. (Bothi Raja P , Sethraman M G , 2008).

A detailed review of past literature pertaining to the present work was viewed under “corrosion inhibition of MS using natural products”.


· Kuang Y and Ying Li (1998) reported the corrosion inhibition performance of several natural protein hydrolyzates such as cotton cake, human hair, fish powder and gelatin for carbon steel in H2SO4 medium. The results showed 95% inhibition efficiency at 0.3% concentration. Electrochemical study showed that the natural protein hydrolyzates is a mixed type corrosion inhibitor. 

· Corrosion inhibition of mild steel by the extracts of Pongamia glabra and Annona squamosa in HCl and H2SO4 media was studied by Sakthivel et al., (1999). Weight loss, polarization, hydrogen permeation and impedance studies were carried out at various temperatures. From polarization study, Pongamia glabra and Annona squamosa were inferred as mixed and cathodic inhibitor respectively.

· Minhaj et al., (1999), reported that inhibition efficiency of the extracts of natural compounds increased with increase in extract concentration until a maximum efficiency was obtained. An increase in the concentration of the extract beyond optimum concentration was found to reduce the inhibition efficiency of which is due to acidic nature of the extract. 

· According to Vinodkumar K P et al., (1999), the inhibitive action Withania somnifera extract, on the corrosion of mild steel in HCl may be attributed to the chemisorption between the lone pair of heteroatom present in the phytochemical constituents of the extract on the positively charged metal surface.

· Farooqi I.H et al., (1999) reported the corrosion inhibitive nature of Cordia latifolia and Curcumin for mild steel in cooling systems. Their inhibition efficiencies were compared with that of Hydroxy ethylidene 1-1 diphosphonic acid. The blow down of the cooling system is also analysed for environmental factors.

· Loto C A and Mohammed A I (2000) investigated the inhibitive effect of the barks, nuts and apples of the cashew tree on the corrosion inhibition of mild steel in HCl medium using weight loss and electrochemical measurements. The apple juice extract had shown good  corrosion inhibition.

· The acid extract of Antrographis paniculata has been investigated for corrosion inhibition on mild steel by Ramesh et al., (2001). The inhibitive action has been studied by weight loss method, electrochemical polarization and impedance studies. The maximum efficiency was found to be 84% for 25% concentration of the inhibitor. The electrochemical studies showed that the inhibitor was mixed type.

· Sahoo K et al., (2001) observed the corrosion inhibition of mild steel in aqueous environment by Neem extract through electrochemical and weight loss measurements. Experimental results indicate that the inhibition efficiency increased with increasing inhibitor concentration.

· Nerium oderum (flower), Lantana camara (leaves), Aglemermolus extracts were studied by Mohan et al., (2001), as corrosion inhibitior for mild steel in 10% HCl by weight loss measurements. The results inferred that inhibition increases with increase in concentration and decreases with temperature. The maximum efficiency reported for Lantana camara (100%), Nerium oderum (flower 100%), Aeglemermould (90%).

· The Biocidal and inhibitive effects of aqueous extract of Azardiracta indica on mild steel in fresh water environment was studied by Mohanan S et al., (2002) using pour plate technique and weight loss measurements. The retarding of corrosive effect depends on the concentration and stability of the extract. The inhibition activity is due to the adsorption of natural compounds.

· Khamis E et al., (2002) investigated the acid cleaning of mild steel dissolution by 1M sulphuric acid in presence of Arghel herb extract using EIS and potentiodynamic polarization techniques. At all temperature, corrosion rate decreased with increasing inhibitor concentration. The potentiodynamic polarization techniques indicated that inhibitor behaves as mixed type inhibitor. Impedance results interprets that the charge transfer controls the dissolution of metal in presence and absence of the inhibitor. The adsorption of indicator on the metal was found to be spontaneous.

· Fabrizio Zucchi and Ibrahim Hashi Omar (2002) studied the effect of various plant extracts like Papaia, Poincianaz pulcherima, Cassia occidentalis, Datura stramonium seeds, Caltropis procera B, Azydracta indica, Autrpio turkiale sap on dissolution of mild steel in HCl by electrochemical and weight loss measurements. It was noted that the inhibitive action is due to the products of hydrolysis of the protein content of these plants.  

· The extract of Foenum graecum were studied as corrosion inhibitors for mild steel in 5%HCl using DC electrochemical techniques. The evaluated parameters clearly indicated that the additive acted as mixed inhibitor. (Kalpana M and Mehta G N, 2003)

· Water extracts from leaves of Date palm, Phoenix dactylifera, henna, Lawsomia innermis, corn and Zea mays were tested as corrosion inhibitor for steel, aluminium, copper and brass in acid chloride and NaOH solutions using weight loss, solution analysis and potential measurements. The inhibitive action was found to depend on the metal type and solution composition. The inhibition was interpreted in terms of chemisorption according to Tempkin isotherm. (Rehan H H,2003)

· Loto C A et al.,(2003) reported the effect of Mangifera indica on corrosion of mild steel in 0.1M HCl using weight loss and electrochemical techniques. The barks and leaves were used for the study. Both provide very minimal corrosion inhibition throughout the period at various concentrations of the extracts. However, the combination of the two, at a concentration of 5ml/100ml of 0.1M HCl gave very good results.

· Bouyanzer A and Hammouti B (2004), studied the effects of Artemisia oil on the corrosion of steel in 1M HCl using the weight loss, electrochemical and EIS polarization techniques. It was found that the corrosion inhibition efficiency increased with the concentration. The studies revealed that adsorption follows Frumkin adsorption isotherm and it acted as cathodic inhibitor.

· The influence of jojoba oil on the corrosion of iron in 1M HCl had been studied using weight loss and electrochemical polarization method by Chetouani A et al., (2004). It was found that the corrosion inhibition efficiency increased with the concentration of the Jojoba oil to attain 100% inhibition. The effect of temperature on the corrosion behaviour of iron indicated that the inhibition efficiency decreased with the rise of temperature. It was found that the adsorption follows Frumkin isotherm.

· The effect of eugenol and its derivatives extracted from the Nail of giroflier on the corrosion of steel in 1M HCl has been studied using EIS, electrochemical and weight loss measurements by Chaieb E et al., (2004). The inhibition efficiency was found to increase with the rise of temperature and extract concentration. The electrochemical studies revealed that the inhibitor was mixed type.

· El-Etre A Y et al., (2005) extracted the leaves of Lawsonia and tested as corrosion inhibitor for C-steel, zinc, nickel in acidic, neutral and basic medium using polarization technique. The degree of inhibition depends on the nature of metal and the type of the medium. It was found that the adsorption follows Langmuir adsorption isotherm in all tested systems. The inhibition was due to the formation of complex between metal cations and lawsone and the inhibition efficiency increases with concentration of the extract.

· Ananda Louise Sathiyanathan R et al., (2005) tested extracts of Ricinus communis leaves for corrosion inhibitory effects towards mild steel using weight loss measurement, electrochemical polarization and impedance measurements. It was found from weight loss measurements that the corrosion inhibition efficiency was about 84% and the polarization measurements indicated that plant extract act as anodic inhibitor.

· Oguzie E E (2005) investigated the inhibitive effect of Telfaria occidentalis extract on mild steel in 2MHCl and 1M H2SO4. The inhibition efficiency increased with extract concentration but decreased with rise in temperature. Protonated species in the extract composition played a vital role in the inhibiting action.

· Acid extracts of the Datura metel was studied for its corrosion inhibitive effect by electrochemical and weight loss measurements. Temkin and Langmuir adsorption isotherm indicate that inhibition was due to the adsorption of phytoconstituents on mild steel. (Sethuraman M G and Bothi Raja, 2005)
· The protective effect and the adsorption effect of Azadirachta indica extract in controlling mild steel corrosion in 1M H2SO4 and 2M HCl was assessed. Oguzie E E (2006) monitored the inhibitive effect using gas-volumetric technique. It was inferred that the extract function as a mixed inhibitor, depending on the concentration.

· Natural oil extracted from Mentha pulegium was evaluated as corrosion inhibitor of steel in 1M HCl using EIS, electrochemical and weight loss measurements. The inhibition efficiency was found to increase with oil content to 80%. The evaluated parameters clearly indicated that the additive acted as cathodic inhibitor. (Bouyanzer A et al., 2006) 

· Benabdellah M et al., (2006) tested the corrosion inhibition of Artemisia oil extracted from Artemisia herba alba in acid medium using EIS, electrochemical and weight loss measurements. The inhibition efficiency was found to increase with oil content to attain 79% and the increase in temperature decreases the inhibition efficiency. The studies revealed that extract act as cathodic inhibitor.

· The inhibitive effect of the extract of Killah seeds, on the corrosion of steel in HCl solution was determined using electrochemical and weight loss measurements. El-Etre A Y (2006) found that the presence of the extract markedly reduces the corrosion rate of steel in acid medium. The inhibition efficiency was found to increase with the extract concentration.

· The polarization studies revealed the corrosion inhibitive nature of Acacia arabica and Tamarix arabica extracts on mild steel. These inhibitors showed good to moderate inhibition in comparison to the K2CrO4.It was inferred that extracts acts as anodic inhibitor. It can be used in boiler and potable water systems due to its anti-scalant and anti-microbial properties. (Federal Room B 2006).

· The effects of extracts of Chamomile (Chamaemelum mixtum L.), Halfabar (Cymbopogon proximus), Black cumin (Nigella sativa),and Kidney bean (Phaseolus vulgris L.) plants on the corrosion of steel in 1M H2SO4 were investigated using EIS and potentiodynamic polarization techniques. The studies interpreted that the extracts acted as mixed type inhibitor. Theoretical fitting of various isotherms were tested to clarify the nature of adsorption. (Abdel-Gaber A M et al., 2006)  

· Corrosion inhibition of mild steel in 2M HCl and 1M H2SO4 by leaf extracts of Occiumum virdis was studied by Oguize E E (2006) using gasometric techniques. The results indicate that the extract inhibits in both acid medium and inhibition efficiency increased with the concentration. The inhibition behavior was attributed to the physical adsorption of cationic species. Synergistic effects increased the inhibition efficiency in presence of halides namely KCl, KBr and  KI.

· Lakshmi S et al., (2006) interpreted the inhibitive action of seed powder extract of Brassica juncea (Mustard seed) on the corrosion of mild steel in HCl and H2SO4 using weight loss technique. The inhibitive efficiency was better in H2SO4 than in HCl medium. The inhibition efficiency was found to increase with the increase in inhibitor concentration and decrease with rise in temperature. The kinetic parameters, adsorption parameters and thermodynamic parameters were evaluated. 
· Bendahou M et al., (2006) studied the inhibitive effect of Rosemary oil for steel in acid medium using Gravimetric and electrochemical techniques. It was found that the corrosion inhibition efficiency increased with the concentration of the rosemary oil to attain 73% inhibition. The effect of temperature on the corrosion behaviour, indicated that the inhibition efficiency decreased with the rise of temperature. Polarization studies showed that it acted as cathodic inhibitor.

· The effectiveness of Gongronema latifolium extract as corrosion inhibitor for aluminium in acid and alkaline medium was investigated by Oguzie E E (2007). The corrosion rates were determined using gas-volumetric techniques. Inhibition efficiency increased with concentration upto maximum values of 97.54% and 90.82% in 2M H2SO4 and 2M KOH respectively. Temperature dependence studies revealed that the extract was chemically adsorbed in acid medium and physically adsorbed in alkaline medium.

· Gravimetric and gasometric techniques were used to characterize the mechanism of corrosion inhibition of mild steel in H2SO4 using acid extracts of different parts of Carica papaya by Okafor P C, Ebenso E E (2007). Inhibition efficiency increased with extra concentration but decreased with temperature. Physical adsorption of the phytochemical components of the plant on the metal surface is proposed as mechanism of the inhibition. 

· Raja et al., (2007) studied the inhibitive effect of Datura stramonium for corrosion of mild steel in acid medium. The anticorrosion effect was evaluated by weight loss and electrochemical techniques. The results revealed that inhibitor was mixed type and the adsorption (chemisorption) follows Tempkin isotherm. Double layer capacitance and charge transfer resistance values from Nyquist plot supports the anticorrosive effect of the extract. 
· The inhibition effect of Zenthoxylum alatum extract on the corrosion of mild steel in 5% and 15% aqueous HCl has been investigated using weight loss and electrochemical impedance spectroscopy. Surface analysis (SEM, XPS, FT-IR) was also carried out to establish the inhibitive property of this plant extract. The efficiency was found to be more in 5% solution than in 15% solution. The adsorption follows Langmuir adsorption isotherm. (Chauhan L.R and Gunasekaran G, 2007)

· The inhibitive effect of ethanol extracts of Garcinia kola (EXG) for the corrosion of mild steel in H2SO4 solutions was investigated by Okafor P C (2007). The inhibitive efficiency has been evaluated using the hydrogen evolution technique and electrochemical measurements. The results obtained indicate that inhibition efficiency increases with increase in the concentration of extract and decrease with temperature. The inhibition efficiency increased on addition of KI to EXG indicates synergism. The experimental data obeyed the Langmuir adsorption isotherm as well as the El-Awady et al., thermodynamic-kinetic model. The calculated values suggest that the EXG molecules are physically adsorbed on the metal surface. 

The insight of the literature on corrosion inhibition using natural products revealed that for laboratory studies, the electrochemical and weight loss methods are the appropriate methods. Hence the present study has been focused on these studies.




3.RESULTS AND DISCUSSIONS

Studies are carried out to find out the inhibitive actions of Hen feather (H.F) on corrosion of MS in 0.5 M H2SO4. Results pertaining to the present investigation on “Eco-Friendly Corrosion Inhibitor from Poultry Waste for Mild Steel in Acid Medium” are discussed under the following headings with the objectives set forth. Experiments are being conducted by varying the concentration of H.F for a different time viz.1/2hr, 3hr, 6hr, 12hr, 24hrs at room temperature and at higher temperature using conventional weight loss method. To learn the mechanism of inhibition, kinetic and thermodynamic parameters are being evaluated. To understand that nature of the inhibitors, electrochemical measurements are also carried out.


1. Weight loss measurements

a) Effect of concentration of H.F and period of immersion on corrosion of MS in 0.5 M H2SO4        

b) Influence of temperature in the presence of the H.F on the corrosion of MS. 

c) Adsorption isotherms

d) Kinetic and thermodynamic parameters

2. Electrochemical Measurement

a) Tafel intercept method

b) Linear polarization method

c) Electrochemical impedance measurements

WEIGHT LOSS METHOD:

EFFECT OF CONCENTRATION:


The variation of I.E. for different concentration is listed in the Table 2. It is pictorially represented in the Fig1. It is imperative from the figure, that as the dosage of the corrosion inhibitor is increased, corrosion rates of MS decreased, indicating the increasing weakness of the acid test medium, due to the presence of 
corrosion products in the solution and these contaminants stifled the corrosion reaction increasingly throughout the experimental period. 

When the concentration of H.F increases from 0.05% to 0.25% during ½ hr time duration. I.E also increases, from 74.9% to 84.3%. After that, the addition of H.F from 0.3% to 0.5% the variation in I.E is insignificant. Maximum I.E was observable at a concentration of 0.5%. at all time durations 0.5% extract inhibited corrosion effectively.


Experimental results indicate that the variation of I.E of metal is insignificant when the additive dose of corrosion inhibitor is more than 0.2%. In consideration of economy, the dose may be chosen from 0.25% to 0.5% and this can be designated as optimum concentration for maximum efficiency. The maximum I.E was found to be 95.5% for a period of 6 hours at 0.5% concentration of the H.F. This indicates that as the concentration of the inhibitor increases, the surface area of the adsorbed molecules also increases.

TABLE: 2

CORROSION RATE AND INHIBITION EFFICIENCY AS A FUNCTION OF IMMERSION TIME AND CONCENTRATION

	Conc(%)
	½ hr
	3 hr
	6 hr
	12 hr
	24 hr

	
	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
	928
	-
	1426.62
	-
	1701.88
	-
	1473.91
	-
	1126.98
	-

	0.05
	232.88
	74.9
	141.01
	90.1
	170.07
	90
	152.85
	89.63
	195.53
	82.65

	0.1
	210.20
	77.4
	86.06
	93.97
	114.91
	93.25
	136.71
	90.73
	134.88
	88.03

	0.15
	185.78
	79.98
	103.21
	92.77
	103.35
	93.93
	122.54
	91.69
	105.11
	90.67

	0.2
	173.57
	81.3
	91.29
	93.6
	96.37
	94.34
	114.07
	92.26
	90.78
	91.95

	0.25
	145.66
	84.3
	83.88
	94.1
	88.45
	94.8
	90.71
	93.85
	82.86
	92.56

	0.3
	140.42
	84.9
	79.52
	94.4
	84.02
	95.06
	84.64
	94.26
	83.92
	92.55

	0.35
	135.19
	85.4
	76.75
	94.6
	83.07
	95.12
	81.18
	94.49
	74.55
	93.39

	0.4
	136.06
	85.3
	77.19
	94.5
	82.71
	95.14
	78.60
	94.67
	72.12
	93.6

	0.45
	131.70
	85.8
	75.01
	94.7
	78.57
	95.4
	75.15
	94.9
	67.97
	93.97

	0.5
	133.45
	85.6
	77.34
	94.5
	76.46
	95.5
	76.9
	94.8
	57.58
	94.89



Similar observation was noticed for various periods of immersion. I.E of H.F increases invariably with increase of inhibitor concentration. This is associated with increase of surface coverage by the addition of extract, which retards the corrosion of MS.
FIGURE: 1
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PERIOD OF IMMERSION:


From the Table 2, it is noticed that as the period of immersion increases from half an hour to 6 hours, there is an increase in I.E. Maximum I.E was found to be 95.5% at 6 hrs (0.5% concentration of H.F). The I.E was maintained upto 24 hrs with slight variation. The enhancement of I.E with time of immersion indicates the gradual adsorption of inhibitor molecules on MS surface with time. It also reflects the stability of the adsorbed molecules on the MS surface in the presence of the extract. These results were presented graphically in Fig 2.

The increase in I.E with increase in concentration is associated with the increase of the surface coverage by the additives which retards the corrosion of MS. (Taha et al.,)

The consistent behavior of H.F with an increase in immersion time indicates the stability and persistence of the inhibitor adsorption on the metal surface.

FIGURE: 2
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INFLUENCE OF TEMPERATURE:


Temperature also plays an important role on the I.E. of the extract. Temperature can modify the interaction between iron electrode and acid in the presence / absence of inhibitor. To determine the energy of activation of corrosion and thermodynamic parameters of absorption such as change in free energy, the weight loss measurements were carried out from 303K – 353K in the absence and presence of various concentration of H.F for an immersion period of ½ hr. The relationship between effect of temperature and I.E of H.F can be understood from Table 3. From Table 3, it is observed that I.E increases with increase in concentration for all temperature range as shown in Figure3.

FIGURE: 3
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The I.E increases with increase in temperature of the of the test solution upto 333K. A decrease in inhibition efficiency was observed at 343K and 353 K. It was suggested by Hoar and Holliday (1953) that the enhancement of I.E at higher temperature may be due to the higher activation energy available for adsorption and the higher rate of diffusion of inhibitor molecules. The lower inhibition efficiency at higher temperature was explained by Rashmi Arora and Chodhary (2002). According to them with the increase 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 different value of equilibrium constant. It explains the lower I.E at higher temperature.
TABLE: 3

EFFECT OF TEMPERATURE ON THE I.E OF H.F EXTRACT
	Conc(%)
	303K
	313K
	323K
	333K
	343K
	353K

	
	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

(%)
	C.R

(mpy)
	I.E

(%)

	Blank
	928
	-
	2703.79
	-
	11287.88
	-
	12292.64
	-
	16354.44
	-
	26846.09
	-

	0.05
	232.88
	74.9
	546.86
	79.77
	3316.94
	70.62
	1137.34
	90.66
	6177.72
	62.23
	12358.93
	54

	0.1
	210.20
	77.4
	413.42
	84.71
	2127.27
	81.15
	942.84
	92.49
	4413.28
	73.02
	8489.03
	68.57

	0.15
	185.78
	79.98
	383.76
	85.81
	1761.82
	84.39
	768.4
	93.88
	3342.23
	79.56
	6567.59
	75.54

	0.2
	173.57
	81.3
	299.16
	88.94
	1548.14
	86.29
	688.16
	94.52
	2289.5
	86
	5782.62
	78.46

	0.25
	145.66
	84.3
	324.46
	88
	1394.63
	87.65
	657.53
	94.76
	2249.38
	86.25
	4910.43
	81.71

	0.3
	140.42
	84.9
	326.2
	87.94
	1280.38
	88.66
	638.44
	95.05
	2108.96
	87.11
	4291.18
	84

	0.35
	135.19
	85.4
	316.61
	88.29
	1194.90
	89.41
	612.28
	95.23
	1912.71
	88.31
	3698.09
	86.22

	0.4
	136.06
	85.3
	308.76
	88.58
	1128.61
	90
	614.02
	95.12
	1610.76
	90.16
	3384.1
	87.39

	0.45
	131.70
	85.8
	298.29
	88.97
	1028.31
	90.89
	510.23
	95.94
	1465.28
	91.04
	3340.49
	87.56

	0.5
	133.45
	85.6
	269.51
	90.03
	1022.21
	80.94
	511.98
	95.92
	2353.17
	85.61
	2799.73
	89.57


FIGURE: 4
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From table 2 and 3 and Figures 1, 2, 3,4 it is inferred that a maximum I.E of (95%) is obtained at 0.5% concentration for a period of 6 hrs maintained at 333k. A pictorial representation of it was made in Fig.5.
FIGURE: 5
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ADSORPTION ISOTHERM


The phenomenon of interaction between the metal surface and inhibitor can be better understood in terms of adsorption isotherm. The degree of surface coverage (() for different concentration of inhibitors in 0.5M H2SO4 has been evaluated from weight loss values. Data were tested graphically by fitting to various isotherms such as Langmuir, Temkin etc.
FIGURE: 6
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It is assumed that the I.E. is comparable to the degree of coverage (() of the inhibitor on the metal surface. Through adsorption isotherm equations, correlation of the degree of coverage (() or its function with the concentration of the inhibitor has been made. When the surface of the iron electrode is ideally homogenous and there is no interaction among absorbed species, the adsorption will follow Langmuir isotherm.  

( / C inh (1 - () = Ka


It is clear from the linear plot of log ( / 1- ( Vs logc, that the inhibition of MS in H2SO4 medium using H.F. follow Langmuir adsorption isotherm. It was depicted in Fig 6. 

KINETIC AND THERMODYNAMIC PARAMETERS


The following kinetic and thermodynamic parameters have been evaluated to render an insight into the mechanism of inhibition.

a) Energy of activation (Ea)

b) Free energy of adsorption (ΔG)

c) Change in entropy (ΔS)

d) Change in enthalpy (ΔH) 

Table 5 gives the values of the kinetic and thermodynamic parameters.

ENERGY OF ACTIVATION:

Fig 7 represents the variation of the log of the corrosion rate as a function of the inverse of temperature. From the slope of the straight line, the apparent activation energy Ea of the metal dissolution can be calculated using the formula.

Ea = -2.303 x R x slope [R = 8.314J/mol]
TABLE: 4

DEPENDENCE OF LOG (θ/1-θ) ON LOG C FOR HF EXTRACT IN 0.5M H2SO4
	Log C
	LOG(θ/1-θ)

	
	313K
	323K
	333K
	343K
	353K

	-1.30103
	0.5958
	0.3808
	0.9871
	0.2169
	0.0696

	-1
	0.7435
	0.6339
	1.0905
	0.4324
	0.3387

	-0.82391
	0.7815
	0.7328
	1.1858
	0.5902
	0.4897

	-0.69897
	0.9053
	0.7989
	1.2367
	0.7883
	0.5614

	-0.60206
	0.8653
	0.851
	1.2573
	0.7975
	0.6501

	-0.52288
	0.8628
	0.8931
	1.2834
	0.8298
	0.7201

	-0.45593
	0.8773
	0.9264
	1.3003
	0.8782
	0.7964

	-0.39794
	0.8896
	0.9542
	1.2899
	0.962
	0.8407

	-0.34679
	0.9066
	0.999
	1.3735
	1.0069
	0.8475

	-0.30103
	0.9556
	0.628
	1.3713
	0.7745
	0.9338


TABLE: 5

KINETIC AND THERMODYNAMIC PARAMETERS OF MS IN

PRESENCE OF H.F EXTRACT IN 0.5M H2SO4
	CONCENTRATION

(%)
	ACTIVATION ENERGY (Ea)

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

(-∆H)

KJ/mol
	ENTROPY

CHANGE (∆S)

J/mol

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

	BLANK
	41.26
	-
	-
	-
	-
	-
	-
	-

	0.05
	57.03
	21.8
	21.16
	25.68
	21.4
	21.03
	26.60
	-13.2

	1
	56.33
	20.88
	20.87
	24.42
	20.84
	20.81
	22.13
	-1.7

	0.15
	52.56
	20.05
	20.39
	23.91
	20.72
	20.64
	16.11
	15.1

	0.2
	52.51
	20.04
	20.03
	23.44
	21.2
	20.28
	15.50
	16.5

	0.25
	49.16
	19.22
	19.75
	22.95
	20.2
	20.22
	12.31
	24.5

	0.3
	47.01
	18.73
	19.52
	22.61
	20.31
	20.16
	8.11
	36.5

	0.35
	44.8
	18.41
	19.31
	22.29
	20.19
	20.23
	5.03
	45.2

	0.4
	42.77
	18.14
	19.12
	21.86
	20.36
	20.13
	2.54
	52.2

	0.45
	43.12
	17.94
	19.08
	22.06
	20.32
	19.83
	3.13
	50.2

	0.5
	45.86
	17.96
	16.51
	21.76
	18.49
	20.11
	-1.95
	62.8


FIGURE: 7
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Values of activation energy are listed in Table 5. for adsorption of 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. In the present study, the energy of activation increased in the presence of inhibitors. This was explained by Riggs and Hurd (1967). 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 can assume values greater or smaller than those calculated in the absence of the inhibitor. 
THERMODYNAMIC PARAMETERS

FREE ENERGY OF ADSORPTION, CHANGE IN ENTROPY AND ENTHALPY

     
The values of free energy of absorption can be calculated by using the standard equation,

Log C = log (( / 1 - () – log B


Where 



C = the inhibitor concentration



Log B = - 1.74 – (- ΔG / 2.303 RT)


The results obtained were tabulated in the Table 5. From the table, it is noted that the values of ΔG are found to be negative in presence and absence of the inhibitor. This indicates that adsorption behavior of inhibitor is a spontaneous process under the experimental conditions. This negative value also indicates the strong interaction between the metal surface and the inhibitor molecules. The values of ΔG is found to be in the order of around 20 KJ / mol

FIGURE: 8
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The heat of adsorption ΔH and entropy of adsorption ΔS are related to free energy of adsorption by Gibbs Helmholtz equation

ΔG = ΔH - T ΔS

A plot of -ΔG Vs T is a straight line, which is depicted in figure 8. The values of ΔH are taken from intercept and that of ΔS from slopes. The values of ΔH and ΔS indicate that the system is enthalpic and entropic controlled.

ELECTRO CHEMICAL MEASUREMENTS



Electrochemical measurements are carried out using Electrochemical 

Analyzer Solartron – 1284 B. Linear polarization measurements, Tafel intercept method and Electrochemical impedance measurements are carried out for MS acid corrosion in the presence of H.F. Electrochemical studies will be helpful to predict the nature of inhibitor – anodic, cathodic or mixed type and to predict a suitable mechanism for inhibition process. The values of corrosion kinetic parameters corrosion current (Ecorr), Tafel slope constants (ba and bc), Linear polarization resistance (Rp) are recorded in table 5.

`
POLARISATION CURRENT OF MS IN PRESENCE OF H.F


From potentiodynamic studies, the polarization cuvres were obtained in the presence and absence of H.F. are depicted in the Fig 9. The results indicate a considerable reduction in Icorr values in the presence of the inhibitor. This confirms the inhibitive nature of the H.F and also the adsorption of H.F. on metal surface. The values of I.E are found to be increasing, with increasing concentration of the inhibitor. Around 83% of inhibition was obtained at 0.25 % concentration. No significant change in Ecorr values in the presence of inhibitor indicates the mixed nature of the inhibitor. Tafel constants ba and bc are 
TABLE: 6

ELECTROCHEMICAL AND CORROSION PARAMETERS FOR MS IN THE PRESENCE OF H.F IN 0.5M H2SO4
	CONC. OF H.F
(%)
	Ecorr X 

(mV/dec)
	Icorr X (10-4)

(Amp/cm2)
	ba

(mV/dec)
	bc

(mV/dec)
	I.E

(%)
	Rp

Ohm/cm2
	I.E

(%)

	Blank
	517
	64.9
	182
	166
	-
	4.26
	-

	0.05
	508
	36.3
	160
	128
	44.04
	7.47
	42.91

	0.1
	502
	28.9
	144
	114
	55.05
	9.03
	52.81

	0.15
	505
	23.5
	143
	104
	63.73
	10.32
	58.68

	0.2
	507
	17.1
	124
	89
	73.61
	10.83
	60.63

	0.25
	515
	10.6
	73
	61
	83.73
	14.56
	70.72




decreased in the presence of the inhibitor, suggesting that both anodic dissolution mechanism and cathodic hydrogen evolution mechanism are affected by the inhibitor. It can be concluded from the results obtained that the H.F acts as a mixed inhibitor.

FIGURE: 9

POLARISATION CURVE OF MS IN PRESENCE OF HEN 

FEATHER EXTRACT IN 0.5M H2SO4
[image: image15.png]




LINEAR POLARIZATION RESISTANCE METHODS  

Linear polarization resistance values in presence and absence of the inhibitor are tabulated in Table 6. Increase in Rp values with increase in concentration of H.F under study indicates the effective inhibitive action of the inhibitor. The maximum inhibition efficiency using Rp values was found to be 70%.
ELECTRO-CHEMICAL IMPEDANCE SPECTROSCOPY

           Electrochemical impedance spectroscopy is a sophisticated technique and it is an important tool to study the mechanism of inhibition process. Electrochemical impedance spectroscopic measurements are done in the presence and absence of H.F and the values of charge transfer resistance Rct and double layer capacitance Cdl are tabulated in the Table 7. The Nyquist plots for the present system are represented in the Fig.10. The depressed semicircles were obtained in presence of the inhibitor. The low values of phase angle in the Bode plots are shown in Fig.11. These lower frequencies indicate that no diffusion control occurs under this condition. From the Table 7, it is clear that Rct increases in concentration of inhibitor. The semicircle obtained for the present system indicates that the adsorption of inhibitor molecule is charge transfer controlled. Maximum inhibition efficiency using Rct values was found to be 87% at 0.3% concentration.  Using Cd1 values, the surface coverage maximum was found to be 0.68.

TABLE: 7

ELETROCHEMICAL AND IMPEDANCE PARAMETERS OF MS IN THE PREESNCE OF H.F
	CONC. OF H.F
(%)
	Rct

(Ω cm2)
	I.E(%)
	Cdl X (10-4)

(μFcm-2)
	θ

	BLANK
	15.10
	-
	1.96
	

	0.1
	43.46
	65.26
	0.738
	0.6235

	0.2
	45.16
	66.56
	0.681
	0.6526

	0.3
	125.52
	87.97
	0.621
	0.6832


FIGURE: 10


[image: image16.png]



FIGURE: 11
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PERFORMANCEEVALUATION OF THE H.F. USING CONVENTIONAL WEIGHT LOSS AND ELECTROCHEMICAL MEASUREMENTS


 Inhibition efficiency obtained using weight loss methods and electrochemical methods are tabulated in Table 8 and pictorially represented in Fig 12. I.E values obtained from electrochemical studies for different concentration of extract under investigation do not show absolute agreement with these obtained from weight loss measurements. These observations can be explained in the following ways. Weight loss measurements which 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 enough for the formation of a thick and continuous film. This leads to low value of inhibitor efficiency in some cases. (Quraishi et al.,
1996)






FIGURE: 12
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TABLE: 8

PERFORMANCE EVALUATION OF THE H.F. USING CONVENTIONAL WEIGHT LOSS METHOD AND ELECTROCHEMICAL MEASUREMENTS

	CONC. (%)
	I.E (%)

	
	TIME INTERVALS
	HIGHER TEMPERATURES
	Rp

Ohm/cm2
	RCt

(Ω cm2)
	Icorr
(Amp/cm2)

	0.1
	93.25
	92.49
	52.81
	65.26
	55.05

	0.2
	94.34
	94.52
	60.63
	66.56
	73.61

	0.3
	95.06
	95.05
	70.72
	87.97
	83.73




MECHANISM OF INHIBITION PROCESS:




The mechanism of inhibition of corrosion is generally believed to be due to the formation and maintenance of a protective film on the metal surface (Bhajiwala H M 2001). The plot of log (( / 1 - () against log C gavena straight line (Fig 6) which suggests that inhibitor covers both anodic as well as cathodic regions through general adsorption following Langmuir adsorption isotherm.


Mann (1936) has suggested that organic substances form onium ions from the cations in the acidic solution and this gets adsorbed on the cathodic portion of the metallic surface. The polar units that are usually present in the inhibitors are acting as reaction centre for adsorption process. The heteroatoms like N, O, S etc., of the inhibitor act as active site for adsorption process.

Hen feather contains β- keratin, which is similar to fibroin (silk moth protein). Serine, threnine, tyrosine and cysteine are the constituents of β- keratin. 
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The Hen feather extract contain compounds with N, O and S atoms. The lone pair of electrons present in these atoms is available to H+ ions near cathodic site and retard the reduction process, by creating chemical inherence for diffusion of other ions in the reaction site.                                                                  
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The onium ions present in these constituents may react at the anodic site and get adsorbed. Thus the adsorption takes place both on anode and cathode, since both cathodic and anodic slope in Tafel plots are reduced as compared to the inhibited H2SO4 solution (from electrochemical studies). Thus the inhibitive effect oh H.F can be explained by considering the adsorption of the extract molecules or by complex formation (surface chelation) on the corroding MS surfaces. 
6. SUMMARY AND CONCLUSION


Corrosion inhibitors for acid cleaning process are used to restrict dissolution of the base metal and decrease acid consumption and hydrogen gas evolution. Because of the toxic nature and high cost of some chemicals currently in use, it is necessary to develop environmentally acceptable and less expensive inhibitors. Natural products can be considered as a good source for this purpose.


Hence an evaluation of the effective performance of acid extracts of poultry waste-Hen feather on the corrosion inhibition of MS in 0.5M H2SO4 at ambient temperature was made.


Conventional weight loss and electrochemical measurement techniques were used for the experimental purpose. Experiments were carried out by varying the concentration of the extract in different period of immersion and at different temperatures. Suitable adsorption isotherm was obtained. Thermodynamic and kinetic parameters were evaluated. Electrochemical measurements were made using Solartron-1284B.results of the current is investigation are summarized below:
· Inhibition efficiency increases with increase in concentration was observed both at room temperature and at higher temperature in 0.5M H2SO4 medium.

· Maximum I.E of the H.F were found to 95.5% for the concentration of 0.5%.

· Optimum time of immersion for the H.F extract was found to be 6 hrs with 95.5% efficiency.

· Inhibition efficiency was found to be increasing with increase in temperature upto 333K (95.92%) and after that there was as slight decrease in I.E.

· Experimental results were fitted into Langmuir isotherm.

· Activation energy in presence of H.F was found to be higher than in the absence of the inhibitor.

· Values of activation energy infer the strong adsorption of inhibitor molecules on MS surface.

· Thermodynamic parameters showed that the inhibition is spontaneous physical adsorption of inhibitors on MS surface.

· Corrosion kinetic parameters, such as Icorr, Ecorr, ba, bc, Rp, Rct and Cdl were evaluated using electrochemical measurements.

· Values of Tafel constants ba and bc confirm that the H.F extract acts like a mixed type inhibitor.

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

· Increase in Rp and Rct values and decrease in Icorr and Cdl values confirm that the H.F are adsorbed on the MS surface and inhibition process is followed by monolayer adsorption.

· Inhibition efficiency obtained by weight loss method were found to be greater than electrochemical measurements.

The present study on corrosion inhibition of MS in the presence of poultry waste –Hen feather extracts could reduce the pollution problems and the inhibitor could act definitely as environmentally friendly corrosion inhibitor.
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