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Introduction

1. INTRODUCTION
Environment means the surroundings in which we live. It is a life-sustaining system in which various living beings like animals, including man, birds, insects, microorganisms like algae, fungi, protozoa, amoeba and non-living beings like air, water and soil are interrelated. The surrounds of the organisms are called environment. As such, environment may be defined as the sum total of biotic and abiotic factors influencing the response of organism. 

 
Environmental chemistry deals with the study of the various chemical phenomena taking place in the environment. The basic concepts of environmental chemistry is interesting not only to the scientists engaged in various scientific and engineering activities but also to the personal involved in resource planning and material management. Population explosion, industrialization, urbanization and intensive agriculture have caused tremendous damage to our environment. Man’s ignorance of laws of nature and his over-exploitation of natural resources have further aggravated the problem. Fortunately, during last few years, we have started the realizing our past mistakes and begun to make amends to prevent further degradation of our environment. The environmental impact of industry is highly exploitive and devoted to maximum material output and consumption. Impact is enormous and includes pollution, species extinction, waste production and dehumanization. Humans become subject to infectious diseases, and new industrial age diseases including ulcers, heart diseases, and mental illness. The rapid industrialization of the countries increases the price of metal resources and the accumulated requirements of industries together with the non-availability of high-grade ores have given an impetus to the scientific enquiry into the phenomenon of metals.
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1.1 CONSEQUENCES OF CORROSION
Corrosion has many serious economic, health, safety, technological, and cultural consequences to our society.
Economic effects

The most extensive studies of these was carried out in the United States in 1976 which found that the overall annual cost of metallic corrosion to the U.S economy was $ 70 billion or 4.2% of the gross national product.
Health effects 
 Recent years have seen an increasing use of metal prosthetic devices in the body, such as pins, plates, hip joints and other implants. New alloys and better techniques of implantation have been developed, but corrosion continues to create problems. Examples include failures through broken connections in pacemakers, inflammation caused by corrosion products in the tissue around implants, and fracture of weight-bearing prosthetic devices. 
Safety effects 
 Safety is compromised by corrosion contributing to failures of bridges, aircraft, automobiles, gas pipelines etc. – the whole complex of metal structures and devices that make up the modern world.
Technological effects
The economic consequences of corrosion affect technology. A great  deal of the development of the new technology is held back by corrosion problems because materials are required to withstand, in many cases simultaneously, higher temperatures, higher pressures, and more highly corrosive environments. Corrosion problems that affect solar energy systems, which require alloys to withstand hot circulating heat transfer fluids for long periods of time and geothermal systems, which require materials to withstand highly concentrated solutions of corrosive salts at high temperatures and pressures.
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Cultural effects
Corrosive processes will accelerate the deterioration of precious artifacts such as those in Venice by the highly polluted environments that now are prevalent in most of the countries of the world. Likewise, inside the world’s museums conservators and restorers labor to protect cultural treasures against the ravages of corrosion or to remove its traces from artistically or culturally important artifacts.             

1.2 ELECTROCHEMISTRY OF CORROSION

Ulick R.Evans, the British scientist who is considered the “Father of Corrosion science”, has said that “Corrosion is largely an electrochemical phenomenon, which may be defined as destruction by electrochemical or chemical agencies……”. Corrosion in an aqueous environment and in an atmospheric environment (which also involves thin aqueous layers) is an electrochemical process because corrosion involves the transfer of electrons between a metal surface and an aqueous electrolyte solution.
1.3 CORROSION AND ENVIRONMENT

a) Corrosion in aqueous solutions

Although atmospheric air is the most common environment, aqueous solutions, including natural waters, atmospheric moisture and rain as well as man-made solutions are the environments most frequently associated with corrosion problems.

b) 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. Rusting of steel is the best-known example of a conversion of the metal (iron) into a non-metallic corrosion product (rust).
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c) 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 nuclear industry, for which much of the research has been performed, but there are numerous non-nuclear applications as well.

d) Corrosion in Gases

           In gaseous corrosion, the environment is non-conductive, and the ionic processes are restricted to the surface of the metal and the corrosion product layers. Gaseous corrosion generally called oxidation is usually an industrial problem only at high temperatures when diffusion processes are dominant.
1.4 COST OF CORROSION
Each year a tremendous amount of money is lost to corrosion in the United States. Figures change each year, but a reasonable estimate for the year 2006 is 400 billion (that is “billion with a B”) 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 catastropes that take place in the United States each year. It is more that all of the hurricanes, tornadoes, volcanoes, floods, even including the infamous kartrina of New Orleans. One plant spends 2 million dollars a year for painting steel to prevent rusting. One large chemical company spent more than $ 4,00,000 per year for corrosion maintenance in its Sulphuric acid plants, though the corrosion conditions were not considered to particularly severe (Fontana). Cost of corrosion in India amount to around 600 crore rupees annually.

 Corrosion in automobile fuel systems alone costs 100 million dollars per year. Auto radiators account for about 52 million dollars. Approximately 3 million home water heaters must be replaced each year (Fontana). Now that we recognize that corrosion costs are high so it is essential to control corrosion.
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1.5 CORROSION PREVENTION

 
Acid solutions are widely used in industry and most important area of application being acid pickling, industrial acid cleaning and acid descaling etc. Sulphuric and hydrochloric acid are most commonly used in pickling paths at high temperatures to remove unwanted scale formed during the manufacture of carbon steel which causes the dissolution of metal. Despite the developments in corrosion resistant alloys over the past few decades, stainless steels have excellent corrosion resistance. Since the water supplied to the animals will usually have chlorine or hydrochloric acid added to prevent bacterial growth, it is important to use a material that will resist corrosion by such harsh chemicals. 316 Stainless steel is highly effective in resisting this corrosion. The loss of mild steel in India was estimated worth Rs.25, 000/- crores per annum and about 33% of the amount can be saved by available corrosion combating measures like adding corrosion inhibitors to the corrosive environment or applying a protective coating on the surface of steel.

 Number of corrosion prevention methods have been reported in the literature like cathodic protection, anodic protection, environmental modification, use of corrosion resistant alloys, coatings on metal surface, use of corrosion inhibitors etc. Of these alternatives, the use of corrosion inhibitors is considered to be one of the most practical methods for protection of metals against corrosion in a closed system, especially in acid media.

1.6 USE OF CORROSION INHIBITORS

The corrosion inhibitor is a substance that, when added in small concentration to an environment, decreases the corrosion rate. An inhibitor can be considered as a retarding catalyst. Inhibitors slow corrosion processes by either:

· Increasing the anodic or cathodic polarization behavior (Tafel Slopes);

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

· Increasing the electrical resistance of the metallic surface.
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 Various corrosion inhibitors such as organic and inorganic compounds have been developed and patented. But inorganic inhibitors are more favoured than organic inhibitors because of their superior inhibition performance. Despite the successful use of inorganic corrosion inhibitors concerns about the impact of their toxicity on human health and environment have recently increased. Inhibitors can be used to great advantage to suppress the corrosion of metals in corrosive environments; there are certain limitations of this type of corrosion prevention which should be recognized.

· Firstly it may not be possible to add inhibitors to all corrosive systems because they may contaminate the environment. Further, many inhibitors are toxic and their application is limited in those mediums which will not be used directly or indirectly in the preparation of food or other products which will come in contact with humans.

· Inhibitors are primarily used in closed systems where the corrosive environment is either contained for long periods or re-circulated.

· Inhibitors are usually not practical in “once-through” system.

· Finally inhibitors generally rapid lose their effectiveness as the concentration and temperature of the environment increase.

1.7 NEED FOR GREEN INHIBITORS

The need for developing green inhibitors is increasing day by day to increasing awareness of environmental issues. It is a known fact that chemical ingredients of inhibitors are widely used and are effective corrosion inhibitors, but are toxic. They also require additional handling and disposal costs. The chemical inhibitors used are organic salts or organic compound with toxic properties or limited solubility. Increasing awareness to health and ecological risks has drawn attention to finding more suitable inhibitors, which are non-toxic.

A research activity in recent time has been geared towards finding alternative corrosion inhibitors in order to replace the organic and inorganic compounds. There is a realization to protect the environment from the harsh and hazardous effects of chemicals by using low toxic, eco-friendly chemicals through “GREEN CHEMISTRY” principles.  
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1.8 GREEN CHEMISTRY - A CHEMICAL PHILOSOPHY

Green chemistry may be defined as “utilization of a set of principles that reduces or eliminates the use or generation of hazardous substances in the design, manufacture and application of chemical products.” Green chemistry also called sustainable chemistry is a chemical philosophy encouraging the design of products and processes that reduce or eliminate the use and generation of hazardous substances. As a chemical philosophy, green chemistry derives from organic chemistry, inorganic chemistry, bio chemistry, analytical chemistry and even physical chemistry. However the philosophy of green chemistry tends to focus on industrial applications. Examples of applied green chemistry are supercritical water oxidation, on water reactions and dry media reactions.

1.9 12 - PRINCIPLES OF GREEN CHEMISTRY

 1. Prevent waste

 2. Design safer chemicals and products

 3. Design less hazardous chemical syntheses

 4. Use renewable feedstocks

 5. Use catalysts, not stoichiometric reagents

 
 6. Avoid chemical derivatives

 
7.  Maximize atom economy

 
8.  Use safer solvents and reaction conditions

9.   Increase energy efficiency

10. Design chemicals and products to degrade after use

11. Analyze in real time to prevent pollution

            12. Minimize the potential for accidents  

1.10 TYPES OF GREEN CHEMISTRY BEING PRACTICED

 
In reviewing case studies of companies pursuing green chemistry, we observed three main ways that companies practiced green chemistry:

 1. as a system approach
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 2. for discovering alternatives to synthetic pathways of chemicals

 3. for environmental conservation.

Green inhibitors displaying substantially improved environmental properties are the inhibitors most widely accepted at present and in the future. Due to the bio-degradability and eco-friendliness, the trend of using such non-toxic natural compounds is increasing everyday. The green inhibitors are satisfies the following conditions:                                                

1. Easily available and of more abundance.

2. Posses no threat to the environment.

            3. Cost effective.

Natural products can be considered as a good source for this purpose. Due to their bio-degradability, the trend of using these less toxic herbal compounds going on and in this direction the present work is undertaken to study the use of extract of Pisonia grandis as a potential inhibitor for mild steel in1M HCl using gravimetric method, thermometric method, gasometric method and electrochemical polarization study – Tafel method.
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Plant profile

Botanical Name     
-            Pisonia grandis
Common Name     
-            Grand devil’s-claws

Family                   
-             Nyctaginaceae

Genus                    
-             Pisonia

Species                 
-
   Grandis 
Group                    
-             Dicot

Duration                
 -            Perennial

Special features

· Broad, Thin, Soft, Ovate, Yellowish green leaves.

· Smooth bark

· Weak and Soft wood

· Green sweet smelling flowers

· Sticky barbed seeds

· Grow in dense

· Stands upto 20 meters tall

· Seed dispersal through birds

· Distributed through out the coral cays of the Indian and Pacific Oceans.
Uses
· For the treatment of inflammation, wound healing, algesia and ulcer.

· Green manure for crops.
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Pisonia grandis leaf
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OBJECTIVES
.

· To suggest a “Pisonia grandis” extract as an eco- friendly natural inhibitor for corrosion inhibition of mild steel on the basis of this study.
· To prepare the leaf extract of “Pisonia grandis” in acid medium.

· To explore the inhibitive action of Pisonia grandis extract on mild steel corrosion in 1M HCl  by weight loss measurements.

· To determine the corrosion rate by gasometric method.
· To determine the corrosion rate by thermometric method.

· To find out the effect of change in concentration of inhibitor on the inhibition efficiency.
· To evaluate the consistent performance of the selected inhibitors with storage period.  

· To assess the inhibitor efficiency using Tafel polarization technique
· To compare the inhibition efficiency of the extract of “Pisonia grandis” determined by the various non-electrochemical and electrochemical methods.
· To fit the experimental data to adsorption isotherms.

· To propose a suitable adsorption model to arrive at a probable mechanism for inhibition action.
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                          Review of Literature

2. REVIEW OF LITERATURE
2.1 DEFINITION OF CORROSION


Corrosion may be defined as 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. The most familiar example of corrosion is rusting of iron.
2.2 FORMS OF CORROSION


We will categorize the various kinds of corrosion into eight different forms. Those eight forms are 

1) Galvanic corrosion  

2) Crevice corrosion 
3)  Pitting corrosion

4)  Intergranular corrosion

5)  Leaching corrosion


6)  Erosion- corrosion

7)  Stress Corrosion cracking 

8)  Hydrogen Attack (Embrittlement)

1. Galvanic corrosion
             Galvanic corrosion also called dissimilar metal corrosion and refers to corrosion damage induced when two dissimilar materials are coupled in a corrosive electrolyte.

2. Crevice corrosion
           Crevice corrosion is a localized form of corrosion usually associated with a stagnant solution on the micro environmental level. Crevice corrosion is initiated by changes in local chemistry within the crevice.
3. Pitting corrosion

 Pitting corrosion is quite often evident on metal surfaces where no uniform corrosion is present and is usually highly localized.
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4. Intergranular corrosion
             Intergranular corrosion is localized attack along the grain boundaries, or immediately adjacent to grain boundaries while the bulk of the grains remain largely unaffected.

5. Leaching corrosion
           When one element or constituent of a metal is selectively corroded out of a material it is referred to as selective leaching.

6. Erosion corrosion
           Erosion corrosion is acceleration in the rate of corrosion attack in metal due to the relative motion of a corrosive fluid and a metal surface.

7. Stress corrosion
           Stress corrosion is the product of tensile stress and localized corrosion which combine to produce a brittle cracking of metal under certain conditions.

8. Hydrogen embrittlement                       

          In general, “Embrittlement Corrosion” is corrosion that causes a ductile material to fail without localized yielding or shearing. More specifically, hydrogen embrittlement assumes several different forms with a general similarity.
2.3 CLASSIFICATION OF CORROSION


Corrosion may be classified in different ways. Based on mechanism, it is classified into two types.

2.3.1 Direct chemical corrosion or Dry Corrosion

2.3.2 Electrochemical Corrosion or wet Corrosion
2.3.1. Direct Chemical corrosion or Dry corrosion
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The dry corrosion refers to high temperature oxidation and occurs at a gas/metal surface. In this type of corrosion reaction is a chemical combination between metal and an oxidizing component of its environment and as a result corrosion occurs mainly through the direct chemical action of environmental or atmospheric gases with metal surfaces in immediate proximity.
2.3.2. Electrochemical or wet corrosion

This type of corrosion is also known as immersed corrosion and generally takes place when a conducting liquid is in contact with the metal or when two different metals or alloys are partially or wholly dipped or immersed in a solution.
This occurs when aqueous solutions or liquid electrolytes are present here two partial reactions occurs, one at each electrode.

The anodic reaction is always the dissociation of the metal

     
[image: image4.emf]             M  M n+   +ne -  


Cathodic reaction may be 

1. Hydrogen evolution

2. Oxygen absorption or Metal deposition. 
Of these the first two are more probable.



If the corrosive medium is highly acidic, hydrogen evolution is more likely than absorption.
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2H++2e-
[image: image5.wmf]H2 (g)

If the solution is sufficiently aerated oxygen absorption occurs.

In fairly acidic medium,

O2+4H++4e-
[image: image6.wmf]2H2O

In alkaline or neutral medium
O2+2H2O+4e- 
[image: image7.wmf] 4OH-
During corrosion more than one oxidation or one reduction may occur. If for example more than one reduction occur, then the oxidation (i.e.) corrosion will be faster than when only one reduction occurs. This is because the total rate of oxidization must be equal to that of reduction.
2.4 Need for Corrosion Monitoring
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The rate of corrosion dictates how long any process plant can be usefully and safely operated. The measurement of corrosion and the action to remedy high corrosion 
rates permits the most cost effective plant operation to be achieved while reducing the life-cycle costs associated with operation.
Corrosion monitoring techniques can help in several ways.
· By providing an early warning that damaging process conditions exist this may result in a corrosion- induced failure.

· By studying the correlation of charges in process parameters and their effect on system corrosivity.

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

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

· By providing management information relating to the maintenance requirements and ongoing condition of plant.
2.5 Corrosion monitoring


Corrosion monitoring is the practice of measuring the corrosivity of process stream conditions by the use of “Probes” which are inserted into the process stream and which are continuously exposed to the process stream conditions.


Corrosion monitoring “Probes” can be mechanical, electrical (or) electrochemical devices.


Corrosion monitoring techniques alone provide direct and online measurement of metal loss or corrosion rate in industrial process systems. 
Typically a corrosion measurement, inspection and maintenance program used in any industrial facility will incorporate the measurement elements provided by the four combinations of on-line/off line, direct/ indirect measurements.

· Corrosion monitoring direct, on-line
· Non Destructive Testing Direct, off-line

· Analytical chemistry Indirect, off – line

· Operational Data Indirect, On- line
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2.5.1 Types of Corrosion Monitoring Techniques

A large number of corrosion monitoring techniques exist. The most common techniques which are used in industrial application.
· Corrosion Coupons (Weight loss measurements)

· Electrical Resistance (ER)

· Linear Polarization Resistance (LPR)

· Galvanic (ZRA)/ Potential

· Hydrogen penetration

· Microbial

· Sand/Erosion.

Of the techniques listed above, corrosion coupons, ER, and LPR from the core of industrial corrosion monitoring systems. The four other techniques are normally found in specialized applications.

Corrosion Monitoring techniques are used in an increasing range of applications because

· The techniques are easy to understand and implement.

· Equipment reliability has been demonstrated in the field environment over many years of operational application.

· Results are easy to interpret

· Measuring equipment can lee made intrinsically safe for hazardous area operation.

· Users have experienced significant economic benefit through reduced plant down time and plant life extension.

2.5.2 Applications of corrosion monitoring Techniques
· Where risks are high- high pressure, high temperature, flammable, explosive, toxic processes.

· Where process upsets can cause high corrosivity.
· [image: image48.emf] 
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Where changes in operating conditions can cause significant changes in corrosion rate.

· Where corrosion inhibitors are in use.
· In batch processes, where corrosive constituents are concentrated due to repeated cycling.

· Where process feedstock is changed.

· Where plant output or operating parameters are changed from design specifications

· In the evaluation of corrosion behavior of various alloys.

· Where induced potential shifts are used to protect systems and/or structures.

· Where product contamination due to corrosion is vital concern.

2.6 METHODS OF CORROSION PREVENTION

         There are five methods of corrosion prevention or control that are generally used. They are 

1.   Material selection 

2.   Environmental change

3.   Cathodic and anodic protection 

4.   Coatings

5.   Design.
1. Material Selection
The simplest solution to any corrosion problem appears to be use of any material which is patently noble. Gold, Platinum, Osmium, Iridium, Tantalum and a few other are excellent in this regard. But they are too expensive to be suggested for regular and common use. Impurities in a metal can cause heterogeneity which decrease corrosion 

resistance of the metal. Thus the corrosion resistance of a given metal may be improved by increasing its purity

Stainless steel             -                 Nitric acid.

Nickel alloys              -                  Caustic alkali

Lead                           -                   Dil.H2SO4
Tin                                       -                   Distilled water

Steel                            -                  Conc.H2SO4
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2. Environmental Change

 
The corrosive nature of the environment can be reduced either 
(i)   By the removal of harmful constituents.
(ii)  By the addition of specific substance, which neutralize the effect of corrosive                            constituents of the environment.

(iii)  Lowering temperature.

 iv)  Decreasing velocity.

 (v)  Removing oxygen and oxidizers.
 (vi) Changing Concentration.       

3. Cathodic and anodic Protection
Cathodic Protection interferes with the natural action of the electrochemical cells that are responsible for corrosion. Cathodic protection can be effectively applied to control corrosion of surfaces that are immersed in water or exposed to soil.    
Anodic Protection is based on the formation of a protective film on metals by externally applied anodic currents. The application of anodic current tends to increase the dissolution rate of a metal and decrease the rate of hydrogen evolution.
4. Coatings
Protecting the surface of an object by the application of coating is probably the oldest of the common procedure for corrosion prevention. A coated surface isolates the underlying metal from the corroding environment.
There are two types of coatings.
(i)Anodic coating

Anodic Coating are produced from coating metal which are “anodic” to the base metal. For (e.g.) Coating of Zn, Al, and Cd on steel are anodic, because their electrode potential are lower than the base metal.

(ii) Cathodic coating

Cathodic Coating is obtained by coating a more noble metal than the base metal. They protect the base metal because they have higher corrosion resistance than the base metal. Cathodic Coating provides effective protection to the base metal.              
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 5. Design
The design of a structure is frequently as important as the choice of materials of construction. Design should consider mechanical and strength requirements together with an allowance for corrosion. Wall thickness and design rules are the two things important in design.
2.7 Use of Inhibitors

· This method is also involved in the corrosion prevention method.    
· Inhibitors are substances capable of inhibiting or suppressing chemical reactions. They may be considered the opposite to catalysts, which enable or accelerate certain reactions.

· The corrosion inhibitor method is an active corrosion protection method, as chemical corrosion processes are actively influenced by inhibitors.
· A corrosion inhibitor is a chemical compound that when added to a fluid or gas, decreases the corrosion rate of a metal or an alloy. 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. Inhibitors slow corrosion processes by either :

· Increasing the anodic or cathodic polarization behavior (Tafel Slopes).
· Reducing the movement or diffusion of ions to the metallic surface.
· Increasing the electrical resistance of the metallic surface. 

2.8 Types of Inhibitors

(i)    Passivating Inhibitors

(ii)   Cathodic Inhibitors        

(iii)  Organic Inhibitors                                        

(iv)   Precipitation Inhibitors
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(i)  Passivating Inhibitors

These 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, 1. Oxidizing anions  2. Non-oxidising anions.
(ii)  Cathodic Inhibitors

 These inhibitors are 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.
(iii)  Organic Inhibitors    
 Both anodic and cathodic effects are sometimes observed in the presence of organic inhibitors, if affect entire surface of a corroding metal when present in sufficient concentration. These are designed as “film-forming”, protect the metal by forming a hydrophobic film on the metal surface.   

(iv)  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. These inhibitors are compounds that cause the formation of precipitates on the surface of the metal, thereby providing a protective film.
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2.9 Chemical Compounds as Corrosion Inhibitors in HCl Medium
· Mernari, et al., (1998) have investigated the inhibition effect of 3,5-bis (n-pyridyl)-4-amino-1,2,4-triazoles (n-PAT) on the corrosion of mild steel in 1M HCl by using weight loss and electrochemical impedance spectroscopy methods.  It was found that the adsorption of (n-PAT) on the steel surface obey the Langmuir adsorption isotherm.
· Sharma, et al., (1999) have studied the inhibitive effect of methyl red on the corrosion of mild steel in 1M HCl and H3PO4 solution by using weight loss and polarization studies.  Results showed that the adsorption of the inhibitor must obey Langmuir adsorption isotherm.
· Sanghvi, et al., (2000) have reported the inhibition effect of 2,3,4-pyridine aldoximes on the corrosion of mild steel in agitated 5% HCl at 323K by using weight loss, DC and polarization methods. All the three showed fair agreement in the results.
· Inhibition effect of N-benzyl dimethyl amine on the corrosion of mild steel in HCl and H2SO4 was evaluated by using galvanostatic polarization method. Results showed that N-benzyl dimethyl amine is very effective inhibitor for both HCl and H2SO4 medium. The inhibition is found to obey Temkin adsorption isotherm. (Vishnudevan et al., 2000)

· Linwang (2001) has investigated the inhibition effect of 2-mercapto benzimidazole on the corrosion of mild steel in phosphoric acid solution by using weight loss and polarization methods. The studies revealed that inhibitor is effective for the inhibition of mild steel over a wide concentration range of H3PO4 solution and retards the anodic and cathodic reactions.
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Abdel-Aal et al., (2001) have studied the inhibitive effects of Quinoline, 8-hydroxy quinoline, benze (f) quinoline-2-thiol, triphenyl benzyl and tetra benzyl phosphonium chloride on the corrosion of mild steel in 3M HCl by using polarization measurements. Results indicated that all the three compounds are found to be efficient corrosion inhibitors. It obeys Langmuir adsorption isotherm.
· The inhibitive effect of Phthalyl sulfathiazole on the corrosion of mild steel in 1M HCl was studied by using weight loss and polarization methods. It was observed that inhibition efficiency values obtained from weight loss studies are in good agreement with polarization measurements. (Jeyaraj et al., 2002)
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 Oguzie (2005[a]) has suggested that the inhibition effect of methylene blue dye on corrosion of mild steel in HCl by using gravimetric techniques at 30 and 60oc and thermometric technique. It was observed that the inhibition efficiency increase with MB concentration but decrease with rise in temperature.
· Inhibitive effect of 1,4-bis (2-pyridyl)- 5H-pyridazino [4,5-b] indole (PPI) on the corrosion of mild steel in 1M HCl was evaluated by using weight loss and and electrochemical techniques. Results suggested that the PPI is a good corrosion inhibitor and its adsorption must obey Langmuir adsorption isotherm.(Bentiss, et al., 2006)
· Abboud, et al., (2006[a]) have investigated that the inhibition effect of 2,2’- bis (benzimidazole) on the corrosion of mild steel in 1M HCl by using weight loss and potentiodynamic polarization. Results showed that this compound has fairly good inhibiting properties and it is a mixed inhibitor in 1M HCl and also its adsorption was found to obey Langmuir adsorption isotherm.
· Abboud, et al., (2007[b]) have evaluated that the inhibition effect 2,3-Quinoxaline dione (QD) on mild steel corrosion in 1M HCl by using potentiodynamic polarization, weight loss and UV-visible spectro-photometric measurements. Results showed that this compound has fairly good inhibiting 

efficiency is around 88% at a concentration of 10-3.Adsorption of this compound follows Langmuir adsorption isotherm.
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Corrosion inhibition effect of N-(furfuryl)-N’-phenyl thiourea on the corrosion of mild steel in 0.01M HCl solution was studied by using potentiodynamic polarization technique. Results showed that adsorption of this compound was found to be obey Temkin adsorption isotherm and this compound acts as an efficient anodic inhibitor. (Divakarashetty, et al., 2007)
· El-Naggar, (2007) has investigated that the inhibition effect of four sulfa drug compounds namely Sulfaguanidine, Sulfamethazine, Sulfamethoxazole and Sulfadiazine on the corrosion of mild steel in 1M HCl by using galvanostatic  polarization and weight loss techniques. Results revealed that better performance for these compounds as a corrosion inhibitors in HCl than in H2S04 solution and all the compounds studied, Sulfadiazine exhibited the best inhibition efficiency and Sulfaguanidine exhibited the lowest inhibition efficiency.

· Inhibition effect of Sodium Lauryl Sulfate [SLS] on the corrosion of mild steel  in 1M HCl was suggested by using weight loss and electrochemical polarization measurements. Results reveled that SLS is a good corrosion inhibitor and shows very good corrosion inhibition efficiency. (Atul kumar, 2008)
·  Quraishi, et al., (2008) have evaluated that the inhibition effect of Poly aniline formaldehyde on the corrosion of mild steel in 1N HCl by using potentiodynamic polarization, electrochemical impedance spectroscopy and weight loss measurements. Results showed that Poly aniline formaldehyde is mixed type inhibitor and it shows >90% inhibition efficiency at 10 ppm.

· Fengling Xu, et al., (2008) have studied that the inhibition effect of 1-(4,5-dihydro-3-phenyl pyridine-1-yl)-2-(1H-1,2,4-triazole-1-yl) ethyl ketone (DTE) on mild steel in 1M HCl by using weight loss and electrochemical techniques and scanning electronic microscope. It was reported that DTE acts as excellent 
corrosion inhibitor and its efficiency attains more than 90.9% at 1.0*10-3   at 298K and its adsorption obeys Langmuir adsorption isotherm.
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Solmaz, et al., (2008) have investigated that the inhibition effect of 2-amino-5- mercapto-1,3,4-thiadiazole (2A5MT) on mild steel corrosion in 0.5M HCl by using electrochemical techniques, linear polarization resistance, thermo gravimetric analysis.  Results showed that 2A5MT performed excellent inhibiting effect and inhibition efficiency is higher than 99% after 120h at 1.0*10-2.
· E.Bayol, et al., (2008) have investigated that the inhibition effect of Sodium carboxy methyl cellulose on the corrosion of mild steel in 1 mol L-1 HCl solution by using weight loss measurement, potentiodynamic polarization, linear polarization resistance (LPR), and electrochemical impedance spectroscopy. Results showed that Na-CMC was a mixed type inhibitor and its adsorption obeys the Langmuir adsorption isotherm.
· Corrosion inhibitive effect of N, N’-Methylene diacryl amide on the corrosion of mild steel was evaluated by using potentiodynamic polarization resistance measurements. Results suggested that the inhibition efficiency increased with increasing inhibitor concentration and its adsorption of the inhibitor must follow the Langmuir isotherm. (Gulsen Avci, 2008)
2.10 NATURAL PRODUCTS AS CORROSION INHIBITORS IN HCl MEDIUM

·  Smitha verma, et al., (1997[a]) have investigated that the inhibition effect of Lawsonia inermis on the corrosion of MS in both HCl and H2SO4 by using various techniques. It was observed that inhibition increases with increase in concentration of the extract in both the acids.
· Smitha verma, et al., (1999[b]) have investigated that the effect of extracts of Acacia arabica on acid corrosion of mild steel. MS cylindrical electrode was completely immersed in 0.1N HCl and H2SO4 solutions and open circuit potentials were measured. Results showed that in HCl, inhibitive effect was much higher than in H2SO4.
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Corrosion inhibition of mild steel by Anona squamosa and Pomgamia glabra in HCl and H2SO4 was studied by using weight loss and potentiodynamic polarization methods.  It was found  to be effective inhibitors in acidic media giving up to 95% efficiency and can be safely used without hydrogen damage toxic effects ,pollution problem.(Sakthivel, et al., 1999)

· A study on the effect of Jasminium auriculatum (leaves) and Cordia latifolia (fruits) as corrosion inhibitors in 3% Nacl was investigated by using weight loss, electrochemical polarization and impedance techniques. Results showed that maximum inhibition is 84% for CL and 81% for JA was obtained.(Farroqi, et al., 1999)     
· An evaluation of the effective performance of juices extracted from Anacardium occidentale on the corrosion of mild steel in 1M HCl was studied by using various techniques. Results revealed that juice extracts obtained from the bark provided no inhibition for corrosion of mild steel, while the nut juice extract accelerated the corrosion of the specimen. (Loto, et al., 2000)
· Inhibitive effect of natural tannis extracted from acacia and from Pine Park on the corrosion of steel in 3% HCl was studied by using weight loss and potentiodynamic polarization curves. Results revealed that pine tannis present better reactivity than acacia, tannis with better corrosion inhibition and better adherence to metallic substrates. (Matamala, et al., 2000)
· Inhibitive performance of juice extracted from Ervatamia coronaria (leaves) and Hibiscus cannabinus on the corrosion of mild steel in 1M HCl and 0.5M H2SO4 was made by using various techniques. Results revealed that corrosion inhibition of maximum of 98.8% and 90.05% in HCl and H2SO4 for Ervatamia coronaria (leaves) and  Hibiscus cannabinus which produced only 96.9% for HCl and 87.8% for H2SO4 and also inhibitor acts as mixed type.(Prithiba, 2001)

· An evaluation of the inhibitive performance of Andrographis paniculata extract on the corrosion of mild steel in acid medium by using various techniques. It was observed that inhibition efficiency of 84% for 25% concentration. (Ramesh, et al., 2001)  
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The inhibitive performance of leafs and vegetable extract of Solanum verbascifolium on the corrosion of mild steel in 0.5M H2SO4 and 1M HCl by potentiodynamic polarization method was studied .Results showed that adsorption of the extract obeys Langmuir adsorption isotherm. (Saratha , et al., 2003) 

· Corrosion inhibition  of mild steel in 2M HCl and 1M H2SO4 by leaf extracts of Occimum viridis(OV)was studied by  using gasometric technique at temperature of 30oand 60oc. Results indicated that extracts inhibit corrosion process in both acidic  media and IE increased with increase in  concentration .Temperature studies revealed that decrease in efficiency with rise in temperature.(Oguzie, 2005[b])  
· The inhibitive effect of leafs of Artocarpus Heterophullus (AH) as corrosion inhibitor of mild steel in acid medium (1M HCl and 0.5M H2SO4 )was studied by using chemical and electrochemical methods and reported that maximum efficiency was found to obtained 24 hours for both acid medium and also inhibitor behaves as mixed type.(Subha, et al., 2005) 

·  El-Etre (2006) has investigated that the inhibitive effect of extract of Khillah (Ammi visnaga) seeds on the corrosion of mild steel in 5% HCl by using weight loss and potentiostatic measurements. I t was observed that inhibition efficiency increases with increase in extract concentration.

· Arora et al., (2007) have investigated the inhibition efficiency of ethanolic extract of Capparis deciduas in acidic medium by using mass loss and thermometric methods. Results showed that values of IE obtained from the two methods are in good agreement and are dependent upon the concentration of inhibitor and acid.

·  Inhibitive action of leaves (LV), seeds (SD) and a combination of leaves and seeds (LVSD) extracts of  Phyllanthus amarus on mild steel corrosion in HCl and H2SO4 solutions was investigated by weight loss and gasometric techniques. Results showed  that extracts act as good inhibitor in both acids and inhibition efficiency increases with extract concentration and temperature (Okafor, et al., 2008)
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Inhibition effect of leaf extracts of Occimum Viridis (OV), Telferia occidentalis (TO), Azodirachta indica (AI) and Hibiscus Sadariffa (HS) as well as extracts from the seeds of Garcinia Kola (GK) on the corrosion of mild steel in 2M HCl and 1M H2SO4 was studied by gasometric technique at temperatures of 30 and 60o C. Results revealed that all the extracts inhibited the corrosion process in both acid media and inhibition efficiency improved with concentration. (oguzie, et al., 2008[c])
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Materials and Methods

3. MATERIALS AND METHODS
 
 Compounds possessing Nitrogen, Sulphur and Oxygen as active centers are easily and quickly adsorbed on the metal surface forming a protective layer on the surface of metal and have been extensively used for the inhibition of steel corrosion by acids. When nitrogen atom exists as –NH2 or –NH and the oxygen as –OH, then such organic compounds can act as corrosion inhibitors. (A. Singh and R.S. Chaudhary) 
  
Hence the present investigation on “The inhibition behaviour of Pisonia grandis on the corrosion of mild steel in acid medium” have been taken to study the inhibiting efficiency of Pisonia grandis in 1M HCl.

3.1 Chemicals used
1) Hydrochloric acid (L.R. grade)

2) Sodium bicarbonate (L.R. grade)

3.2 Equipments used
           (i) Electrochemical frequency response analyzer (Solatron model NO.1280B) 

           (ii)   Digital balance 

           (iii)  Gasometric apparatus

           (iv)  Thermometric   apparatus (1/10)

3.3 Elemental composition of mild steel coupons

            The elemental composition of mild steel coupons were analyzed by vacuum emission spectrometer and are as shown in then Table (1).
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S
Table - 1

Chemical composition of mild steel

	S.NO
	ELEMENTS
	% OF CHEMICAL    COMPOSITION

	1.
	Carbon
	0.049

	2.
	Manganese
	0.346

	3.
	Silicon
	0.026

	4.
	Phosphorous
	0.038

	5.
	Sulphur
	0.020

	6.
	Chromium
	0.05

	7.
	Molybdenum
	0.019

	8.
	Nickel
	0.019

	9.
	Iron
	99.452


3.4 SELECTION OF SAMPLE
Mild steel is chosen due to its wide range of applications in industries, low cost and easy availability. Mild steel suffers from heavy corrosion when it comes in contact with various acid solutions during acid cleaning, pickling, transportation of acid descaling, storage of acids and other chemical processes. So the study of corrosion inhibition of mild steel in acid solution has been carried out.  
3.5 PREPARATION OF THE SAMPLE 
Rectangular samples of area 1*5 cm2 have been cut from a large sheet of mild steel. The sample were mechanically polished, drilled, a hole at one end and numbered at other end, degreased, cleaned, dried and stored in desiccator.
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3.6 SELECTION OF ACID MEDIUM
Acid solutions are extensively used in industry, the most important of which are acid pickling, industrial acid cleaning, acid descaling and oil well acidizing. Acids are also used in many manufacturing processes in different industries. Because acid solutions are aggressive, inhibitors which are effective in this medium for iron and steel are generally nitrogen containing compounds such as alkyl and aryl amines, saturated and unsaturated nitrogen ring compounds, and ethoxylated amines. (V.S. Sastri, 1998). Hence 1M HCl was chosen for present study.

3.7 PREPARATION OF THE ACID

The acid solution was prepared by using LR grade HCl. Deionised water was used to prepare solution of 1M HCl for all experiments.
3.8 SELECTIN OF THE INHIBITOR   
Corrosion inhibitors are used for acid cleaning process to restrict dissolution of the base metals, decrease acid consumption and evolution of hydrogen gas. Because of the toxic nature and high cost of some chemicals in use it is necessary to develop environmentally acceptable and less expensive inhibitors. Natural product can be considered as good source for this purpose.
Green inhibitors display substantially improved environmental properties. These inhibitors are most widely used at present and will be in the future. Due to their biodegradability and eco-friendliness, the trend of using such less non-toxic natural compounds is increasing everyday. The selection of the “Pisonia grandis” in the present study  is based on following conditions:
             Non-toxic (ii) Bio-degradable (iii) Easily available (iv) Less expensive (v) Cost effective.
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3.9 PREPARATION OF THE EXTRACT 
The leaves of Pisonia grandis was collected from Coimbatore, dried in shade and powered. A 5% extract was prepared by refluxing 12.5 gms of powered leaves in 1M HCl for 3 hours and kept over night. Then it was filtered and volume of the filterate was made upto 250ml standard measuring flask using the same acid. This was divided into two portions. One portion was kept under room temperature. Another portion was kept under refrigerator condition.

3.10 SELECTION OF TECHNIQUES
 
The techniques selected for this study are, 

1. Gravimetric technique (weight loss method)
2. Gasometric technique

3. Thermometric technique

4.  Polarization technique

3.10.1 WEIGHT LOSS METHOD

It is one of the oldest techniques of monitoring corrosion and is based on exposing the coupons of the metal on to the test media for a predetermined period of time and then removed and the occurring weight loss of coupons are measured

  Weighed samples were immersed in 100ml of the acid (1M HCl) 100ml of the 1M HCl containing different concentrations of the PGL inhibitor for 3 hours. The experimental setup is shown in Figure – 2. They are taken out and immersed in saturated sodium bicarbonate solution to remove residual acids and washed thoroughly with tap water rinsed with distilled water, dried, stored in desiccator and re-weighed.

The parameters used for the present study are given below,

(a) Time of  immersion
             3 hours

(b)Concentration (% (v/v)) of PGL extract
[image: image65.emf] 

2

 

1  

 

            0.001, 0.005, 0.01, 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5. 
(c) Storage period

Weight loss measurements (immersion time 3 hrs) were repeated for different concentrations of the PGL extract diluted from the stock solution stored at room temperature and from that stored at refrigerator conditions on the fresh day of preparation of the extract, on the  7th day, 14thday, 21st day, 28th day, 45th day, and 60th day.

DETERMINATION OF CORROSION RATE                

The rate of dissolution of metal is calculated in terms of corrosion rate. The corrosion rate was calculated by using the expression,

                                     Corrosion Rate (CR) = 534*w / DAT mpy
                                               mpy          -         miles per year
                                                  w            -        Weight loss in mg

                                                  D            -        Density in g / cm3
                                                  A            -        Area in square inch

                                                  T            -        Exposure time in hours

DETERMINATION OF INHIBITION EFFICIENCY
 The inhibition efficiency was obtained from the following formula,
                             Inhibition efficiency = w0-w / w0 *100

             Where, 

                              w0  - Corrosion rate without inhibitor

                               w – Corrosion rate with inhibitor

                               Ө = w0-w / w0 represents the surface coverage.
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Figure – 2

EXPERIMENTAL SETUP - WEIGHT LOSS METHOD


[image: image8.png]



3.10.2 Gasometric method

          The apparatus setup for gasometric determination is shown in Fig (3). A two necked flask was connected via delivery tube to graduated gas collector a reservoir of water. 100ml of the test solution was then introduced into the flask and the initial volume of the air in the graduated gas collector was set to zero reading. Thereafter one mild steel coupon was dropped into the test solution and the reaction vessel immediately closed. The volume of the hydrogen gas evolved by the corrosion reaction was estimated from the volume change in level of the water in the gas collector. The progress of the reaction was monitored by careful volumetric measurement of the evolved hydrogen gas at fixed time intervals. The experiment was conducted at room temperature.

The corrosion rate of the extract was calculated from the equation,

C.R =V0 Ht – V’Ht  / t
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Where, 

V0 Ht – Volume of H2 gas at time‘t’ and for blank hydrochloric acid.

V’ Ht - Volume of H2 gas at time‘t’ and for acidic solution containing PGL extract 

I.E = ( 1 -V’ Ht / V0 Ht ) /100
Where,

 V’Ht  is the volume of hydrogen evolved at time‘t’ for inhibited solution.

VoHt  is the volume of hydrogen evolved at time‘t’ for uninhibited solution.
Figure – 3

EXPERIMENTAL SETUP - GASOMETRIC METHOD
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3.10.3 THERMOMETRIC METHOD
 
Inhibition efficiency was also determined using a thermometric technique. This method involves a single specimen in an improvised reaction chamber (Figure-4) containing 100ml of test solution. Temperature changes were measured at interval of one minute using a thermometer with a precision of 0.5oC. The temperature which raised slowly at first then rapidly and attained a maximum temperature was recorded.

DETERMINATION OF INHIBITION EFFICIENCY
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                             I.E =  RN  (blank) –RN  (inh)  / RN  (blank) *100 
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                            RN =     (Tm-To) / t

Where,

                          Tm    -    Maximum temperature

                           To    -     Initial temperature

                            t     -     Time required to reach the maximum temperature.

.                           RN -      Reaction number

Figure – 4
EXPERIMENTAL SETUP - THERMOMETRIC METHOD
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3.10.4 ADSORPTION ISOTHERMS

The degree of surface coverage (Ө) obtained by weight loss method corresponding to different concentrations of PGL extract diluted from stock solution stored at room temperature condition have been extracted to deduce the best adsorption isotherm. The following isotherms were tested for their fit into the experimental data. 

· Langmuir Isotherm

· El – Awardy Kinetic Thermodynamic Model 

· Temkin Isotherm
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Freundlich Isotherm

3.10.5 POLARIZATION TECHNIQUE

A frequency response analyzer 1280B (Solatron) and IBM personal computer which automatically controls linear polarization and Tafel polarization shown in Fig-5(b) was used for the polarization study. The data were analyzed using computer software (corrware). A three electrode cell [Fig-5(a)] with solution containing the aerated unstirred test solution with a platinum electrode as the counter electrode, a saturated calomel electrode as the reference electrode and the mild steel electrode as the working electrode was used.

 
For potentiodynamic polarization studies, mild steel stripes of same composition (as in the weight loss method) coated with lacquer with an exposed area of 1cm2 was used.

PROCEDURE

100ml of 1M HCl was taken in an electrochemical cell. The polished electrode was then introduced. The electrode was placed at -1mv cathodic to its open circuit potential. Then the potential was scanned at a rate of 0.2mv / sec towards the anodic direction.

Applied potential Vs Current was plotted (Tafel plot) and extrapolation of linear portion to the corrosion potential gives the corrosion current. 

 In the anodic and cathodic plot, the slope of the linear portion gives Tafel constants ba and bc respectively.

Polarization measurements were carried out by the following technique

                                 1. Tafel plot technique

                                 2.  Linear polarization technique
Tafel plot technique

In the Tafel plot, a controlled potential scan can be applied , extending in both the anodic and cathodic directions of corrosion potentials for a few hundred millivolts. The linear region of the plot (applied potential Vs log current) is projected to intersect. 
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This defines corrosion current (Icorr) and the corrosion potential and the slope of the linear region is the Tafel slopes.
Inhibition efficiency was calculated by applying the formula’s are,
Tafel Method                                           
               I.E=  Icorr (blank) – Icorr (inh)  / Icorr (blank) *100      
Where

Icorr  (blank)  is the corrosion current without inhibitor.

Icorr (inh)  is corrosion current with inhibitor. 

The slope of the linear region in Tafel plot is substituted in the Stern – Geary 

equation to get Icorr . 
                    Icorr = ba * bc / 2.303* (ba +bc) * 1/ Rp
                     ba      =   Anodic Tafel plot 

                         bc     =   Cathodic Tafel costant

Linear polarization method

                   
I.E= Rp (inh) – Rp  (blank) / Rp  (blank) *100
Where

         Rp (inh) is the polarization resistance in the presence of inhibitor.          

         Rp (blank) is the polarization resistance in the absence of inhibitor.
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           EXPERIMENTAL SETUP – POLARISATION METHOD

           Figure – 5 (a)                                             Figure – 5 (b)
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Electrochemical cell                                 1280B (Solatron)
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                     Results and Discussion


4. RESULTS AND DISSCUSSION
   The inhibitive effect of the extract of leaves “Pisonia grandis” in HCl medium has been evaluated through various corrosion monitoring technique in the present investigation.
4.1 Principle of Corrosion Monitoring Techniques 

 Nearly all metallic corrosion processes involve transfer of electronic change in aqueous solutions. When iron is placed in dilute hydrochloric acid, a vigorous reaction occurs, as a result of which hydrogen gas is evolved and iron is dissolved.

                        Fe + 2H+ ↔ Fe2+ + H2

The Fe2+ formed can further be oxidized to Fe3+, by losing an electron.

                      Fe2+ ↔ Fe3+ + e-
Corrosion monitoring techniques involve the measurement of rate of the above reaction. The rate of chemical reaction can be measured either in terms of rate of deterioration of the reactants or in terms of rate of formation of the products. Thus, from the stoichiometric requirement, we can write,

              Rate of corrosion of iron = -d [Fe] / dt = d [H2] / dt 

                                                      = d [Fe2+] / dt = d [Fe3+] / dt
 
Thus process of corrosion of iron can be monitored either by 

(i) Rate of Fe dissolution which is measured by the weight loss of Fe coupons     (i.e.) by Gravimetry.
(ii) Rate of evolution of H2 in given time – by Gasometry
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Since the above reaction is exothermic, during corrosion of iron, the temperature of the solution will increase. Hence, the rate of iron corrosion may be determined by measuring the temperature changes at a given time which forms the basis of the Thermometric method.

 
 The corrosion rate can as well be measured by electrochemical methods – measuring the corrosion current produced. The addition of any inhibitor in aggressive acid environment such as hydrochloric acid will retard the rate of the above mentioned 
processes occurring simultaneously during corrosion of iron. The efficiency of an inhibitor depends on the degrees of retardation of these processes. In the present study, the % IE of PGL extract in 1M HCl for mild steel corrosion is evaluated by the electrochemical and non – electrochemical corrosion test methods.
4.2 Analysis of Non – electrochemical methods

4.2.1 Weight loss method 

Table (2) gives the values of corrosion rate and % IE calculated from weight loss measurements for different concentrations of PGL extract diluted from stock solution stored at room temperature. The tests were performed at definite intervals of the storage period conditions ranging from the first day to 60th day of preparation of the PGL extract. Thus these measurements test the effect of concentration of the extract on the %IE and also the durability or stability of the prepared PGL extract.

 To test the efficacy of the storage method, weight loss measurements were repeated with PGL extract stored at refrigerator condition, the results of which are compared with that of room temperature condition in Table (3).
The effect of concentration on %IE for room temperature and refrigerator condition are pictorially represented in Fig (6) and (7) respectively. We can infer from these figures that at all storage periods the %IE increases rapidly up to 0.1% of PGL extract after which the increase in concentration has little effect. 

The corrosion inhibition of mild steel by an inhibitor occurs through the formation of  Fe-(Inh)ads  reaction intermediate. 
                        Fe + Inh ↔ Fe-(Inh)ads ↔ Fen+ + ne- + Inh
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The inhibitor gets adsorbed onto the steel surface as a first step and the Fe-(Inh)ads intermediate forms an adsorption layer on the surface of the metal. This acts as a hindrance to the acid medium and enhances the protection of the metal surface. Initially, there is insufficient   Fe-(Inh)ads to cover the metal surface at low concentrations of the inhibitor. With higher inhibitor concentration, a compact inhibitor over layer is formed 
covering almost the entire surface. Thus at 0.1% PGL extract has nearly 90% of IE and maximum of nearly 92 to 94% is obtained at 0.5%.              

 Figure (8) and (9) depict the effect of storage time on the stability of the inhibitor for various concentrations at room temperature and refrigerator conditions respectively.
Further inspection of Figure (8) and (9) and Table (3) reveals that there is not much change in %IE during storage periods especially at higher concentration. Even after 60 days of storage the PGL extract retains its efficiency (93.61%). Hence it is inferred that the inhibitor is stable.
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 Also it can be inferred from Table (3) that there is a seldom a difference in %IE between room temperature and refrigerator condition at all storage periods especially at higher concentrations. This suggests that the PGL extract can as such be stored at room temperature itself for its use even up to 60 days.

	S.NO
	CONC

(%V/V)
	STORAGE  PERIOD (DAYS)

	
	
	1
	7
	14
	21
	28
	45
	60

	
	
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)
	CR

(mpy)
	IE

(%)

	1
	Blank
	952.14
	-
	1187.24
	-
	1300.4
	-
	930.77
	-
	1036.5
	-
	992.40
	-
	923.60
	-

	2
	0.001
	464.04
	56.45
	982.95
	17.20
	819.71
	36.96
	480.28
	48.39
	797.12
	23.09
	604.47
	39.09
	731.76
	20.77

	3
	0.005
	438.62
	66.45
	690.72
	41.82
	434.93
	66.55
	439.43
	52.78
	383.61
	62.99
	403.24
	59.36
	628.75
	31.92

	4
	0.01
	214.89
	79.83
	400.62
	66.25
	312.76
	75.94
	249.01
	73.24
	320.90
	69.04
	323.87
	67.36
	382.98
	58.53

	5
	0.05
	113.09
	89.38
	181.85
	84.68
	120.94
	90.70
	110.08
	88.17
	149.04
	85.62
	149.33
	84.95
	208.98
	77.37

	6
	0.1
	89.58
	90.59
	160.72
	86.46
	109.16
	91.60
	89.87
	90.34
	126.90
	87.75
	121.27
	87.77
	110.13
	88.07

	7
	0.2
	62.15
	93.47
	103.97
	91.24
	88.38
	93.20
	70.00
	92.47
	94.43
	90.88
	99.90
	89.93
	102.38
	88.91

	8
	0.3
	59.01
	93.80
	96.23
	91.89
	77.37
	94.04
	70.35
	92.44
	89.69
	91.34
	91.43
	90.78
	96.42
	89.55

	9
	0.4
	56.69
	94.04
	80.19
	93.24
	86.09
	93.37
	67.44
	92.75
	80.53
	92.23
	85.47
	91.38
	91.19
	90.12

	10
	0.5
	48.63
	94.89
	86.78
	92.69
	68.46
	94.73
	65.12
	93.00
	73.02
	92.95
	75.73
	92.36
	71.18
	92.29


Table - 2

C.R AND %IE AT VARIOUS CONCENTRATIONS OF PGL IN 1M HCL BY WEIGHT LOSS METHOD AT ROOM TEMPERATURE CONDITION
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Table - 3

% IE OF PGL EXTRACT ON MILD STEEL IN 1M HCl STORED AT ROOM TEMPERATURE AND

REFRIGERATOR CONDITION FOR DIFFERENT CONCENTRATIONS AND STORAGE PERIOD
	S.NO
	CONC

(%v/v)
	INHIBITION EFFICIENCY (%)

	
	
	STORAGE PERIOD (DAYS)

	
	
	14
	21
	28
	45
	60

	
	
	RT
	RC
	RT
	RC
	RT
	RC
	RT
	RC
	RT
	RC

	1
	0.001
	36.99
	14.87
	48.39
	38.05
	23.09
	21.60
	39.09
	31.91
	20.77
	38.18

	2
	0.005
	66.55
	48.71
	52.78
	62.25
	62.99
	60.28
	59.36
	54.78
	31.92
	49.28

	3
	0.01
	75.94
	71.07
	73.24
	72.82
	69.04
	63.87
	67.36
	54.58
	58.53
	62.45

	4
	0.05
	90.70
	88.07
	88.17
	88.16
	85.62
	84.25
	84.95
	81.80
	77.37
	86.07

	5
	0.1
	91.60
	89.14
	90.34
	90.59
	87.75
	88.03
	87.77
	86.55
	88.07
	89.36

	6
	0.2
	93.20
	90.93
	92.47
	92.76
	90.88
	91.90
	89.93
	87.87
	88.91
	92.56

	7
	0.3
	94.04
	91.91
	92.44
	93.50
	91.34
	92.34
	90.78
	90.71
	88.55
	92.01

	8
	0.4
	93.37
	93.62
	92.75
	94.23
	92.23
	93.68
	91.38
	90.84
	90.12
	94.48

	9
	0.5
	94.73
	94.04
	93.003
	94.69
	92.95
	93.88
	92.36
	92.93
	92.29
	93.61
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Figure – 6
Variation of IE with concentration of PGL in 1M HCl for different storage period (days) at room temperature condition
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Figure – 7
Variation of IE with concentration of PGL in 1M HCl for different storage period (days) at Refrigerator condition
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Figure –8
Variation of IE with various storage period (days) at different concentrations of PGL in 1M HCl at Room temperature condition (RT)
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Figure – 9
Variation of IE with various storage period (days) at different concentrations  of PGL in 1M HCl at Refrigerator condition (RC)
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4.2.2 Gasometric techniques

The free corrosion of mild steel in 1M HCl was characterized by rapid effervescence resulting from hydrogen gas evolution and corrosion rates in the absence and presence of inhibitor was studied by using hydrogen evolution measurements. (Figure 10) shows that plot of evolved H2 volume as a function of time for mild steel corrosion in 1M HCl in the presence and absence of inhibitor at 303K .The plot illustrate the depletion of H2 gas evolution rate on introduction of the PGL extract into the corrodent, indicating that leaf extract of PGL actually affords corrosion inhibition of mild steel in the acidic environment. Also the rate of H2 gas evolution was observed to decrease with increasing extract concentration, suggesting that the inhibiting action of PGL was concentration dependent. The results of gasometric method is given in 

Table (4).
Table - 4
% I.E AT VARIOUS CONCENTRATION OF PGL IN 1M HCl BY GASOMETRIC

METHOD IN MILD STEEL AT 303K

	S.NO
	CONC (%v/v)
	C.R
	I.E (%)

	1.
	BLANK
	0.722
	-

	2.
	0.001
	0.666
	5.56

	3.
	0.01
	0.600
	16.92

	4.
	0.5
	0.544
	24.67
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Figure -10

Hydrogen evolution during mild steel corrosion in 1M HCl
in absence and presence of PGL extract
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4.2.3 Thermometric Method 

 
Figure (11) shows the temperature variation with time for the corrosion of mild steel in 1M HCl solution containing various concentrations of PGL. From Table (5) it is seen that the RN has decreased from a value of 0.833 in blank HCl to 0.433 in HCl solution of 0.5% PGL extract in hydrochloric acid. This indicates that PGL extract retarded the corrosion of mild steel in HCl.
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Table - 5
%I.E AT VARIOUS CONCENTRATION OF PGL IN 1M HCl BY THERMOMETRIC

METHOD IN MILD STEEL AT 303K

	S.NO
	CONC (%v/v)
	RN
	I.E (%)

	1.
	BLANK
	0.833
	-

	2.
	0.001
	0.500
	39.97

	3.
	0.01
	0.466
	44.05

	4.
	0.5
	0.433
	48.01


Figure – 11

Variation of temperature with time for the corrosion of mild steel in HCl containing various concentration of PGL at 303K
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4.2.4 Adsorption isotherms

Values of degree of surface coverage (Ө) calculated from weight loss measurements at room temperature condition have been used to evaluate the adsorption characteristics of PGL extract onto the mild steel surface. The data obtained were found to fit Langmuir, Freundlich and Temkin isotherms as shown in the linear regression analysis (Table 6). Regression coefficients are more than 0.9 for all the 3 isotherms proving that the adsorption of PGL extract on mild steel surface obeys the equations pertaining to these isotherms. It is further confirmed by the linearity of the plots in Figure (12, 13, 14).         

Figure-12

Curve fitting of the corrosion data of mild steel in 1M HCl in the presence of PGL to the Langmuir adsorption isotherm at 303K
[image: image18.emf]-1

-0.5

0

0.5

1

1.5

2

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0

logc

log(Ө/1- Ө)

1 7 14 21 28 45 60


[image: image86.emf] 

2

 

1  

 


Figure-13

Curve fitting of the corrosion data of mild steel in 1M HCl in the presence of PGL to the Temkin adsorption isotherm at 303K
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Figure - 14

Curve fitting of the corrosion data of mild steel in 1M HCl in the presence of PGL to the Freundlich adsorption isotherm at 303K
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4.2.5 Adsorption parameters 

Though the regression coefficients are more than 0.93 for the Langmuir isotherm, the slopes are not equal to unity as expected. The deviation of slopes from unity can be explained in terms of interaction of adsorbed species adjacent to each other. Accordingly, the modified form of Langmuir isotherm is known as El – Awardy’s kinetic thermodynamic model is given as

                              log (Ө /1-Ө) = log K’ + y logC

Where y is the slope. The value of 1/y indicates the number of active sites of the surface occupied by one molecule of the inhibitor, K is the binding constant of the adsorption reaction and  

                      K=K’ (1/y) and C is the concentration of the inhibitor.

The binding constant K is related to the standard free energy of the adsorption ΔG0 ads                       by the relation,

                        K = 1 / 55.5 exp (-ΔG0 ads/ RT)              

R             -           Universal gas constant

K             -           Binding constant.

1/55.5      -           Molarity of water.

The calculated values of the binding constant K and free energy change and the number of active sites occupied by one inhibitor molecule are given in Table (7).The number of active sites 1/ y is approximately constant and equal to 2 on an average. This may be expected because the larger phytochemical organic compounds present in PGL extract due to their larger size may occupy more than active site on the metal surface during adsorption .The average value of free energy change is found to be -25.56kJ/mol.The negative sign indicates that the adsorption of PGL extract on to steel is a spontaneous process. The numerical value of free energy change less than 40 kJ/mol suggests a strong physical adsorption of PGL extract components on steel surface in HCl solution.
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Table - 6

Linear regression analysis for various adsorption isotherms for PGL in 1M HCl at 303K

	ISOTHERM
	PARAMETERS
	1M HCl + PGL



	
	
	IMMERSION PERIOD (DAYS)

	
	
	1
	7
	14
	21
	28
	45
	60

	LANGMUIR
	SLOPE


	0.4325
	0.6618
	0.5266
	0.4791
	0.4454
	0.5708


	0.6342

	
	INTERCEPT


	1.4179


	1.4397
	1.4887
	1.3587
	1.2783
	1.4714
	1.3137

	
	REGRESSION COEFFICIENT


	0.9942
	0.9839


	0.9788
	0.9737
	0.9961
	0.9327
	0.9836

	FREUNDLICH


	SLOPE


	0.0778
	0.2351
	0.1259
	0.1112
	0.1861
	0.1262
	0.2338

	
	INTERCEPT


	0.0216
	0.1235
	0.0591
	0.0359
	0.1046
	0.0399
	0.1042

	
	REGRESSION COEFFICIENT
	0.9514
	0.9036
	0.8912
	0.9387
	0.8813
	0.9473
	0.9418

	TEMKIN


	SLOPE
	0.1372


	0.2735
	0.1907
	0.1799
	0.2257
	0.1913


	0.2789

	
	INTERCEPT
	1.0222
	1.0896
	1.0632
	1.0343
	1.0622
	1.0261
	1.0654

	
	REGRESSION COEFFICIENT
	0.9660
	0.9564
	0.9323
	0.9500
	0.932
	0.9720
	0.9674
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Table – 7

ADSORPTION PARAMETERS FOR PGL EXTRACT ONTO THE MILD STEEIN 1M HCL SOLUTION – FROM KINETIC THERMODYNAMIC ADSORPTION ISOTHERM
	S.NO
	Storage   period(Days)
	Slope
	logK’
	1/y
	logk
	-ΔG0 ads
(kJ/ mol)

	1
	1 st day
	0.4325
	1.41
	2.31
	3.275
	29.12

	2
	7 th day
	0.6618
	1.51
	2.16
	3.261
	22.64

	3
	14 th day
	0.5266
	1.90
	2.83
	5.377
	26.53

	4
	21 st day
	0.4791
	2.09
	2.84
	5.935
	26.59

	5
	28 th day
	0.4454
	2.25
	2.88
	6.48
	26.82

	6
	45 th day
	0.5708
	1.75
	2.57
	4.49
	25.02

	7
	60 th day
	0.6342
	1.58
	2.08
	3.28
	22.18


4.2.6 Polarization measurements

To find out the nature of the inhibitor, mode of action, mechanism of the reaction polarization studies has been carried out. The corrosion kinetic parameters deduced from Tafel polarization such as corrosion current potential (Ecorr), corrosion current density (Icorr) and Tafel constants (ba & bc) are given in Table (8).

It is observed from the table, the presence of inhibitor decreases the (Icorr) values.

This shows that inhibitor has very strong inhibitive effect on corrosion reaction . The active species of PGL effectively inhibited the acid corrosion of mild steel ,because the of noticeable increase in the Rp values and similar decrease in the Icorr values corroborated the inhibitive behavior.
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The value of Ecorr with increase in  concentration of inhibitor have not been  shifted very much to any particular directions compared  to the blank value indicating that PGL extract acts through mixed mode of inhibition. Further Tafel slopes ba & bc obtained in the presence and absence of inhibitor were found to be altered on both directions in compared with the blank value which again indicated the mixed mode of inhibition .

Inhibition increases with increase in the PGL content in the acid medium .The inhibition is mainly due to adsorption .A maximum of 95.42 % of inhibition was obtained using Icorr values for maximum concentration of 1M HCl.  

Table – 8

ELECTROCHEMICAL AND CORROSION PARAMETERS FOR MS IN THE PRESENCE AND ABSENCE OF PGL EXTRACT IN 1M HCl

	S.NO
	CONC.

OF INHIBITOR

(%v/v)
	Icorr
(μAcm2)
	Ecorr
(Volts)
	ba
(mV)
	bc
(mV)
	Rp
(Ohms/cm2 )
	I.E (%)


	
	
	
	
	
	
	
	Tafel
	L.P.R

	1
	Blank
	0.014391
	-0.49933
	231.42
	288.01
	3.9312
	-
	-

	2
	0.001
	0.010172
	-0.49422
	214.96
	268.08
	5.6996
	29.31
	31.0

	3
	0.01
	0.005558
	-0.49240
	184.02
	230.67
	8.6149
	61.37
	54.36

	4
	0.5
	0.000658
	-0.48931
	114.34
	162.43
	48.706
	95.42
	91.92
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Figure - 15

Potentiodynamic polarisation curves of  MS in 1M HCl in the presence of different concentrations of PGL
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Comparison of % IE of Different Techniques

Figure (16) and Table (9) shows the comparison of the %IE of PGL extract of different concentrations obtained by weight loss, gasometric, thermometric and Tafel polarization methods. Results indicate that %IE obtained from weight loss and Tafel polarization method are higher than those obtained from either gasometric or thermometric measurements. Though the trend is in the same direction in all. This gives the justification of the choice of the corrosion monitoring techniques chosen.  

Table-9
COMPARISION BETWEEN %IE OF ELECTROCHEMICAL AND NON – ELECTROCHEMICAL METHODS

	CONC (%V/V)


	I.E (%

	
	Wt.loss
	Gasometric
	Thermometric
	Polarization

	
	RT
	RC
	
	
	L.P.R
	Tafel

	0.001
	36.96
	14.87
	7.69
	39.97
	31.0
	29.31

	0.01
	75.94
	71.01
	16.92
	44.05
	54.36
	61.37

	0.5
	94.73
	94.04
	[image: image93.jpg]


24.61
	48.01
	91.92
	95.42


Figure - 16
COMPARISION BETWEEN %IE OF ELECTROCHEMICAL AND NON – ELECTROCHEMICAL METHODS
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Summary and Conclusion

SUMMARY AND CONCLUSION
 From the overall experimental results, the following conclusions can be deduced,
· PGL extract acts as an excellent corrosion inhibitor for mild steel in 1M HCl.
· PGL extract is stable at room temperature condition and can be used as a potential corrosion inhibitor for mild steel in acid medium even after a storage period of 60 days
· The extract could be stored at room temperature (no need to store under refrigerated condition).
· The %IE of PGL extract increases with increase in concentration.
· Similar results were obtained when %IE is calculated by gasometric and thermometric methods.
· The PGL extract inhibits the corrosion of mild steel in acidic solution, the adsorption of the constituents present in the acid extract on the mild steel surface obeys the Langmuir, Temkin and Freundlich isotherms and El – Awardy’s adsorption model.  
· The negative sign in free energy indicates that the adsorption of PGL extract onto steel is a spontaneous process.
· The inhibitive effect of the extract on the corrosion of mild steel in acid medium may be due to the adsorption of one or more of the phytochemical constituents present in the extract on to the metal surface.
· Polarization studies indicates that the under study behaves as a mixed type inhibitor.
· The %IE obtained from the different techniques agrees fairly well suggesting the applicability of these techniques as mentioned in the title.

SUGGESTIONS
· The study may be carried out in other acid and with different  metals to find out its applicability in industries. 

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

· A comparative study with the commercially available inhibitor may be carried out to find out its cost – effectiveness.
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