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1.INTRODUCTION


In the eleventh century, a Norman Knight William de lacey, lost his way during a hunting expedition into the thickly wooded and swampy vale of Evas, in wales. He came across the ruins of St.David’s hermitage whereupon overcome by an urge to mend his sinful ways, he decided to dedicate the remainder of his days to religious contemplation and rebuilding the chapel. Legend has it that he never for the rest of his life removed his armour, one explanation for his strange behaviour was that it was a self-imposed penance. More likely, however, in that he was prevented from doing so because of ‘Corrosion’ brought about by the dark atmosphere of the valley. Thus humans have most likely been trying to understand and control corrosion long as they have been using metal objects.


To the great majority of the people corrosion means ‘rust’, an almost universal object of hatred. Rust has been referred specifically to the corrosion of iron. But corrosion is a destructive phenomenon that affects almost all metals. Although iron was not the first metal used by the humans, it has certainly been the most used and must have been one of the first with which serious corrosion problems were obtained. It is not surprising therefore that the terms 'corrosion' and ‘rust'  are synonymous.


Corrosion is an important factor encountered by any human being in day to day life. Day by Day, we face either of these problems: water leakage from pipes, leakage in drainage outlets, electricity shutdown for maintenance, reduction in machine efficiency, loss of lives due to sudden failure in machines in hospitals, disposal of automobiles due to rust, collapse of bridges etc. The main cause for all these failures encountered is corrosion.


Mild steel is a material of choice, due to low cost and easy availability to fabricate various reaction vessels, pipes, tanks etc., in most of the chemical industries but is prone to severe corrosion in aggressive environments such as acid media.


More sulphuric acid is produced than any other chemical in the world. It is used directly or indirectly nearly in all principal industries. The principal uses of sulphuric acid are for production of hydrochloric acid, other chemicals and their derivatives, pickling of steel and other metals, manufacture of fertilizers dyes drugs, pigments, explosives, synthetic detergents, petroleum refining, storage batteries, metal refining and production of rubbers. Sulphuric acid is made by the contact process in which most part of the equipment is made up of steel. Corrosion problem occur in plants for making the acid and also in consumer’s plant when it is utilised under wide variety of conditions. Hence it is important to have a good picture of corrosion of mild steel in sulphuric acid.


To bring down the attack on metals by the acids the practice of incorporating inhibitors in acid is commonly employed. An inhibitor is a substance which when added to an acid solution, minimises the loss of metal, reduces the extent of hydrogen embrittlement, protect metal against pitting, reduce over pickling and acid fumes resulting from excessive reactions between the acid and basic metals and reduces the acid consumption. Most of the inhibitors used in industries are organic compounds. Among them, heterocyclic compounds comprise a potential class of inhibitors. Though there is wide consideration in the literature (Amarnanth Maitra et al., Gurumeeth singh et al., 1984) regarding corrosion inhibition studies by nitrogen and sulphur containing heterocyclics, the mentioning of oxygen heterocyclics as corrosion inhibitors is rare (Noor. E.A, 2005). Hence an attempt has been made in the present study in investigating the inhibitive effect of 4- Methyl 7,8- dihydroxy coumarin, an oxygen heterocyclic on mild steel in sulphuric acid medium.


Coumarins are Benzopyran 2(H)- ones. They have been extensively used as laser materials, photosensitizers, pesticides as well as pharmaceuticals. The biological actions of coumarines and their therapeutic potential make them non-toxic. The trend of using less/ non-toxic inhibitors is increasing everyday and in this direction, the use of coumarins as acid inhibitors possesses no threat to the environment. Moreover coumains can easily be synthesized from simple phenols through pechmann reaction.


The emergence of Green chemistry revolution is providing an enormous number of opportunities to discover and apply innovative techniques in organic synthesis. The advent of microwave synthesis make available a technology that has dramatically changed the way chemical synthesis is performed by offering a new energy source powerful enough to complete reactions in minutes instead of hours or days.


Traditionally, chemical synthesis has been achieved through conductive heating with an external heat source. This is a slow and insufficient method for transferring energy into the system because it depends on the thermal conductivity of various materials that must be penetrated. It also results in a higher external temperature than the final internal temperature, which is problematic. The required internal temperature can be achieved only by sufficiently increasing the surface temperature of the material over the desired temperature.


Microwave heating occurs somewhat differently from conventional heating. The microwave penetrates the reaction mixture through some component of the reaction mixture that absorbs the microwaves. Once they are absorbed, the energy will be converted to heat within nano seconds. Thus high instantaneous temperatures are reached enhancing the reaction rates. Hence an attempt has been made to synthesize the selected inhibitor 4-Methyl, 7,8-dihydroxy coumarin by microwave irridation using domestic microwave oven. With this background, the objectives of the present investigation are spelt out.

OBJECTIVES

· To synthesize the organic inhibitor 4-Methyl, 7,8-dihydroxy coumarin through microwave irradiation.

· To confirm the structure of the inhibitor by co-IR spectrum and melting point.

· To carry out the elemental analysis of the mild steel sample.

· To evaluate the efficacy of the inhibitor through various factors like

(a) Concentration of inhibitor

(b) Immersion time of mild steel in the aggressive medium containing the inhibitor

(c) Temperature

by gravimetric method.

· To evaluate the inhibiting efficiency of 4-Methyl, 7,8-dihydroxy coumarin by AC impedance spectroscopy.

· To compare the efficiencies of the organic inhibitor obtained by the electrochemical and non-electrochemical methods.

· To interpret the experimental results with the factors affecting corrosion.

· To obtain the thermodynamic activation parameters of metal dissolution process in the presence and absence of the inhibitor through Arrhenius equation and Eyring equation.

· To apply various adsorption isotherms to the experimental surface coverage values in order to study the adsorption characteristics.

· To carry out the statistical analysis in detecting the best suited isotherm.

· To determine the nature of adsorption of the inhibitor on mild steel by the thermodynamics of adsorption process.

· To propose a suitable mechanism for the inhibition process. 

2. REVIEW OF LITERATURE


Since corrosion science is a practical science, for a pragmatic corrosion technologist knowledge of the conditions, which bring about corrosion and the methods of controlling corrosion are very significant. Nevertheless, an understanding of the basic of corrosion are necessary to diagnose the problem as well as to manipulate the composition of the metal and/or of the environment so as to mitigate corrosion. Hence in this chapter the corrosion principle, corrosion control and monitoring techniques and the microwave assisted synthesis of the coumarins are detailed and the relevant literature work on the application of inhibitor are reviewed.

2.1  Corrosion Principle 

The term ‘Corrosion’ derives from the Latin word ‘rodere’ meaning ‘to gnaw’ in the context of rats and ‘corrodere’ means ‘to gnaw to pieces’. Corrosion is the slow and continuous deterioration of the metal surface through a chemical or electrochemical attack by the environment. Most of the corrosion processes occur when the metal atoms are in contact with moist environment. Thus the metals corrode with the loss of electrons by the formation of a crack on its surface.

Thus the corrosion process occur as anodic and cathodic reactions. Thus corrosion occurs when the current flows through the conducting solutions between the anode and cathode.At anode – oxidation reaction occurs with liberation of electrons. Thus anodic metal is destroyed therefore corrosion occurs at anodic areas only.

At Anode 

Here oxidation reaction occurs with liberation of electrons. Thus anodic metal is destroyed therefore corrosion occurs at anodic areas only.
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Mn+                                forms compounds such as oxide.

At Cathode
The electrons released at anode flow through the metal and are finally consumed in cathodic reactions. That is there is gain of electrons in the cathode. The different cathodic reactions are liberation of hydrogen, absorption of oxygen.

Liberation of Hydrogen

2H+ + 2e-                         H2                                                                             

In   neutral   medium,  there  is  the  formation  of    OH-  ions.

2H2 O + 2e-                          2OH-  +H2           

Oxygen Absorption

O2 +  4H+  +  4e-                   2H2O

Hence there is reduction of metal ion in the cathodic surface.

M3+                        M2+   +  e-
M+                       M  +  e-
Hence cathodic reactions takes place.
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The various types of corrosion are iisted in the following
table:
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l.ocalized
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Cormosive attack on
structurai constituents

Exfoliation corrosion

Occurs in deformed articles.
Corrosion follows “fiber
orientation”.

Interfacial corrosion

Frequently observed at i
ater-air interfaces.





2.1.3  Classification  of  Corrosion

2.1.3.1 Dry Corrosion
This occurs at a gas/metal interface i.e. a chemical combination between the metal and an oxidizing component of its environment. 

Eg: Molybdenum forming Molybdenum oxide 


                                  O2                                                                          +   Metal Oxide

Exposed Surface                 Volatile Metal Oxide            Exposed Surface                                                                                                               

2.1.3.2 Wet Corrosion
Wet corrosion is the corrosion of metals in aqueous environment. It is also known as immersed corrosion and occurs at metal/solution interfaces. It is the result of electrochemical reaction between a metal and its surroundings. Here the reactions occur at anode as well as cathode.


M                         Mn+  +  ne-  (anodic reaction)


2H+   +  2e-                   H2 (cathodic reaction)

Example is the reaction of Zinc metal in the presence of HCl and the iron pieces on exposure to a neutral environment.

2.1.4 Causes of Corrosion


In the case of electrochemical corrosion, if the corrosion product is soluble in the corroding medium, the corrosion proceeds at a faster rate, or otherwise if it is insoluble, it suppresses further corrosion. Due to volatile nature of the corrosion product also the rate of corrosion increases. Similarly with increase in temperature, there is increase in the corrosion rate. To summarize, the factors most likely to promote corrosion are

· High humidity

· Salts concentrating moisture on the surface and also causing electrochemical corrosion.

· Sulphurdioxide in the atmosphere

· Solid particles such as dust.

· Other contaminants such as acids flux salt bath heat treatment residues etc.,

· Temperature material and time factors also enhances the corrosion reaction.

2.1.5 Corrosion Monitoring Techniques

The two basic corrosion monitoring techniques are :

· Electrochemical methods

· Non-electrochemical methods

2.1.5.1 Non-electrochemical Method 

Weight loss method

A sample of material of interest of known weight, is exposed to the process for a period and then reweighed.  The change in weight is used to calculate the metal loss that may be expressed as an annualized rate of loss.

The coupon requires a relatively long exposure to the process to yield accurate results. This is partly due to the accelerated rate of corrosion of the new coupon and the inevitable loss of uncorroded material from the coupon during the process of cleaning away corrosion product.

Advantages


The advantages of weight loss experiments over other methods are 

· The coupons can be examined under microscope and the deposits analyzed after recovery to yield valuable clues about the type of corrosion that has occurred.

· The corrosion rates can be directly measured from the weight loss data.

2.1.5.2 Electrochemical Methods 

Impedance method
Electrochemical impedance is a method for many studies particularly for corrosion rate determination, Corrosion mechanistic studies and the investigation of the inhibited system.

The impedance measurements typically gave a single relaxation or semi-circle, comprising the charge transfers resistance in parallel with the double layer capacitance. Inhibitor efficiencies and the adsorption isotherms were calculated from the charge transfer resistance values.

The impedance diagrams gave a semi-circle type appearance for all solutions examined indicating that the corrosion of steel is mainly controlled by a charge transfer process. The higher the charge transfer resistance values confirm the good performance of the compound.

Linear polarization resistance method

It measures the direct current through the metal/fluid interface when the electrodes are polarized by a small electrode potential. As this current is related to the corrosion current that in turn is directly proportional to the corrosion rate, the method provides an instantaneous measurement of corrosion rate.

It is particularly useful as a method to rapidly identify corrosion upsets and initiate remedial action thereby prolonging plant life and minimizing unscheduled down time.

Probes for electrochemical monitoring use two or three electrodes of material of interest, which are usually either finger (projecting) type or flush. As the measurement is attempting to replicate what is occurring at the metal/fluid interface in the system, it is logical to use flush type in fluid applications wherever possible.

In the LPR measurements, the current needed to maintain a specific potential shift is directly related to the corrosion on the surface of the electrode from which corrosion rate is derived instantaneously.

2.1.6 Corrosion Control

Corrosion can be controlled by means of following ways

· Modifications to the design

· Modification to the environment 

· Application of barrier coats

· Selection of materials

· Application of cathodic or anodic protection

· Modifications with the use of inhibitors.

Small changes to pH, temperature, dissolved oxygen levels, flow rates, pollutants and other factors can radically alter the nature and severeity of corrosion. Coating with inorganic or organic material for the purpose of excluding the humidity and oxygen from the steel surface is the most widely used method of protection against corrosion. The other way to control corrosion is by the usage of pure metal because impurities cause heterogeneity  which  decreases  corrosion  resistance of  the  metal.

The cathodic protection of a metal can also prevent corrosion to a greater extent. The corrosive nature of the environment can be reduced either

· By the removal of harmful constituents (or)

· By the addition of specific substances, which neutralize the effect of corrosive constituents of the environment.

2.1.6.1 Inhibitors
One way of controlling or preventing corrosion is by means of adding an inhibitor to the medium; this is often an organic compound and most of the inhibitors that have been developed empirically over the years are large complex molecules mostly having an aromatic component.

An inhibitor is a substance that when added in small quantities to the corrosive environment decreases the corrosion rate. It is a retarding catalyst. Inhibitors are chemicals that react with a metallic surface, or the environment the surface is exposed to, giving the surface a certain level of protection. Inhibitors often work by absorbing themselves on the metallic surface, protecting the surface by forming a film.
The inhibitors slow corrosion process by 

· 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

2.1.6.2 Types of Inhibitors 

Cathodic inhibitors:-

These are substances that stifle the cathodic reaction by getting precipitated as hydroxides at cathode surfaces.

Eg: sulphates of Zn, Mg & bicarbonates of calcium.

Anodic inhibitors: -


These prevent anodic reactions by getting adsorbed at anodic sites and prevent corrosion.

Eg: silicates, chromates etc.,

Vapour phase inhibitors: -


These inhibitors vaporize in the molecular form by the transportation to the metal surface.

Mixed inhibitors: -

Here the adsorption occurs between the ionic charges or dipoles of inhibitor molecule and the electrical charge on the metal.

Eg: Aqueous emulsions of esters, amines.

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 surfaces.


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.


Passivating inhibitors: - 

These causes a shift of corrosion potential forcing the metallic surface into passive range. Examples are oxidizing anions such as chromates, nitrites, nitrates and non-oxidizing ions such as phosphates and molybdates.

2.2  Studies on Corrosion Control by Inhibitors


Since this study is focussed on corrosion control by inhibitors, the literature on the study of inhibitors has been reviewed under the following heads.

· The effect of inhibitors on different metals.

· The effect of chemical substances in HCl on mild steel corrosion.

· The effect of chemical compounds as inhibitors on mild steel in H2SO4 medium.

2.2.1 The Effect of Inhibitors on Different Metals
· Towards corrosion of carbon steel in 3MH2SO4, N-Phenacylpyridinium bromides was used as an inhibitor by Yurchenko  et al., 2004. Using various techniques a relationship between the nature of substituents and the corrosion protective properties of the compounds were analyzed. Compounds having high protection efficiency in acid solutions at elevated temperatures were found

· The synergistic effect of Mercepto benzimidazole (MBI) and KI on copper corrosion inhibition in aerated 0.5MH2SO4 solution was reported by                         Zhang et al., (2002). X-ray photoelectron spectroscopic analysis of the copper sample, showed that a complex film formed on the surface to inhibit copper corrosion and the iodide ions did not participate in the film formation. The synergistic effect is due to adsorption of iodide ions on the copper surface, which facilitates the adsorption and formation of inhibitive film for MBI.

· The corrosion inhibition study of cadmium in alkaline solutions of methanol, ethanol and propanol showed that propanol was the most efficient inhibitor. The adsorption of alcohol molecule was found to obey Frieundlich isotherm     

[Badawy AL-kharati., 2000]
· The protection of copper corrosion by carbazole and N-vinyl carbazole in self assembled films in NaCl solution was studied by Wang et al., (2003). The corrosion protection abilities were evaluated using electrochemical impedance spectroscopy, polarization and cyclic voltammetery. It was shown that both the compounds form dense protective films on copper .The films were characterized using FTIR and XPS techniques.

· Some organic phosphonium and ammonium compounds were used as inhibitors towards corrosion of zinc in 1M.Phosphoric acid solution. It was found that onium compounds of  ( electron system found to obey Frumkin adsorption isotherm and the latter obeys langmuir adsorption isotherm. The potentiostatic and electrochemical impedance techniques proved that the onium compounds act as primary interface inhibitors without enhancing the Zinc dissolution

[Morad M.S., 1999]
· The corrosion behavior of zinc and steel in an acid sulphate and chloride electroplating baths using weight loss and polarization techniques at 303K was studied by Rajappa et al., 2001 sodium laryl sulphate shows maximum inhibition when compared to N-arylglycine. The increase in Tafel slopes suggests the inhibition of both anodic and cathodic reactions. 

· Bgugaine and its derivatives irniine as corrosion inhibitors for iron in lMHCl by weight loss method was tested by Belkheir Hammouti et al., 1995. The isotherm followed is Frumkin isotherm which shows that Bgugaine is highly inhibiting with an inhibition efficiency of 100%. The apparent activation energy for iron dissolution is determined.

· Pravin Kar et al., 1998 studied the inhibition effect of aqueous extracts of eucalyptus leaves on acid corrosion of mild steel and copper by weight loss, galvanostatic polarization measurement and surface characterization technique using ESCA and SEM. The extract has shown to increase the polarization of cathodic and anodic reactions of mild steel, but in copper, it increases its polarization of cathodic reactions alone. The results suggested that it acts as mixed inhibitor but the cathodic process control is predominant.

· The inhibiting property of amino acids towards corrosion behaviour of admiralty brass electrode in 0.1M H2SO4 solution was determined using weight loss and polarization measurements. The results showed that the inhibition efficiency depends on their concentration and chemical structure. Some thermodynamic functions were  computed.                                                                     
[Abdellah M. Atia A.M., 1997]              
· The corrosion inhibition of iron in acid chloride solution by a new class of water soluble commercially available acid black II was noted by Satyanarayanan et al., 1999. The properties of inhibition were evaluated by Tafel extrapolation and electrochemical impedance spectroscopy and weight loss methods. The results showed the inhibition efficiency up to 95% at 100ppm level.

· Evaluation of some mercaptotriazoles as inhibitors towards corrosion of                     Fe-Cr-Ni-Steel in H2SO4 using weight loss, electrochemical polarization and potential decay technique was reported by Ashutosh Kumar et al., 1999. They act as cathodic inhibitors and has the tendency to stimulate anodic reaction  of  304 stainless steel. Langmuir isotherm was found to be obeyed. 
· The corrosion inhibition on metallic iron surfaces by organic molecules was studied by Bouayed et al., 1999.The inhibition efficiency of thiophenol, phenol and aniline have been compared through gravimetric and electrochemical experiments.

2.2.2 The Effect of Chemical Substances in HCl on Mild Steel Corrosion

· The inhibition characteristic of 2-aminothiophenol and 2-cyanomethyl benzothiazole towards corrosion of two types of steel in 1MHCl medium was studied by Abdel el-Rehim et al., 2001. The pitting corrosion resistances of steel samples were found to increase with higher concentration of inhibitors. Langmuir’s adsorption isotherm was followed.
· The behavior of 4-aminoantipyrine as a corrosion inhibitor against corrosion of mild steel in 2MHCl solution was studied using weight loss, potentiodynamic polarization techniques and electrochemical impedance spectroscopy. Flory-Huggins isotherm was obeyed. The thermodynamic functions of dissolution and adsorption processes were calculated and the compound was shown to be an effective corrosion inhibitor in acid medium.

[Khaleed  K.F et  al., 1995]

· The effect of aromatic amines as inhibitors towards corrosion of mild steel in HCl solution was analyzed by Desai M.N. and Desai M.B., 1993. The results were obtained by weight loss method and galvanostatic polarization technic and inhibitive nature was compared with one another.

· In the corrosion of mild steel, the inhibiting nature of quinoline,                                  8-hydroxyquinoline, benzoquinoline, quinoline2-thiol, triphenylbenzyl and tetrabenzyl phosphonium chloride in deaerated 3MHCl was studied by           Abdel-aal et al., 2001. The Inhibition efficiency was  determined by the measurements of linear polarization techniques. It followed Langmuir adsorption isotherm.
· The corrosion reaction rates of mild steel in different media, in the presence of Lutidine, coclidine and pyridine as inhibitors was obtained by                         Zakvi et al., 1995. The results obtained from weight loss, Tafel intercepts and linear polarization resistance methods showed the order of inhibition efficiency as pyridine >lutidine>coclidine.

· The inhibition characteristics of s-benzylthiouronium chloride (SBTU) in the corrosion of mild steel in 1MHCl using potentiostatic polarization technic has been investigated by Chandrasekaran pillai et al., 1998. They found that the cathodic Tafel slopes were found to be increased by SBTU, however lower concentrations showed higher values and higher concentration showed lower values. Molecular parameters characterizing the adsorption of SBTU were calculated and analyzed.
· Formaldehyde was found to be an effective corrosion inhibitor towards corrosion of mild steel in 5% HCl at 303K and 363K using potentiostatic and gravimetric techniques. The inhibition efficiency was found to increase with increase in concentration. The surface coverage, activation energy and the types of adsorption of inhibitor have also been studied.

[Jayaperumal et al., 1999]

· The inhibition efficiency of ammoniumpyrrolidinedithiocarbamate towards corrosion of mild steel in 1MHCl was studied by Mathiyarasu et al., 1998 using weight loss, polarization and electrochemical impedance techniques. The results showed that inhibition efficiency increases with concentration of inhibitor up to 95% efficiency. The system corresponded to Langmuir adsorption isotherm.

2.2.3 The Effect of Chemical Compounds as Inhibitors on Mild Steel in H2SO4 Medium. 

· The inhibition character of cetylpyridinium chloride (CPC) for the corrosion of low carbon steel in 1MH2SO4 was studied by Atia and Saleh., 2003. From the results of electrochemical technique, the high inhibition effect of CPC at different temperatures and different concentrations were analyzed and found to obey Bockris-Swinkels isotherm.

· The compounds resorcinol and pyrogallol were reported as effective corrosion inhibitors towards corrosion of mild steel in 1NH2SO4 solution using galvanostatic polarization and XPS-Measurements at 35( C by Lakhan J.Jha, Gurmeet Singh., 1996. The electrochemical results proved that these act as anodic inhibitors. XPS measurements indicated that resorcinol was adsorbed to the specimen more strongly than pyrogallol.

· The inhibition characteristics of 1,10-Phenanthroline towards corrosion of mild steel in 1NH2SO4 were analyzed through certain parameters such as weight loss, inhibition efficiency and surface coverage.

[Sethumathavan .R et al., 1991]

· Using weight loss and potentiodynamic polarization techniques, the inhibition property of tetra-methyldithia-hexaazacyclobidecane-hexane (MTAB) towards corrosion of mild steel in 5NH2So4 was studied by Mohammed Ajmal, 1999.
· Towards corrosion of mild steel in 1MH2SO4, methyl red was found to be an effective inhibitor by Chaudhary et al., 1997. They found that methyl red was physically adsorbed on the metal surface.

· The inhibition of corrosion of mild steel in 1NH2SO4 solution by alkylphenolethoxylate-2000 (Alphox-200) and alkylphenolethoxylate-400 (Alphox-400) was determined by Ghebremichael et al., 2000 using weight loss, galvanostatic polarization and scanning electron microscopic techniques at different temperatures. The electrochemical results showed that these compounds act as mixed inhibitors with an efficiency of 95%. The isotherm followed is Langmuir adsorption isotherm.

· Using weight loss measurements and potentiodynamic polarization studies, the inhibition characteristics of dithiaazolidines towards corrosion of mild steel in H2SO4 solution was studied by Quraishi et al., 2002. The compounds exhibited more than 90% inhibition efficiency even at low concentrations. Adsorption was followed by Temkin adsorption isotherm.

· Towards corrosion of mild steel in 1NH2SO4, Azathiones were investigated as corrosion inhibitors by Wajid khan et al., 1995. The potentiostatic polarization data clearly showed that these inhibitors were of mixed type inhibitors and inhibit corrosion by getting adsorbed on the metal surface. It was found to obey Temkin adsorption isotherm.

· A new class of inhibitors namely 2,5-disubstituted-1, 3, 4-oxadiazoles in the corrosion of mild steel in 0.5MH2SO4 have been investigated by various corrosion monitoring techniques. The results showed that the compounds acted on the cathode without changing the mechanism of the hydrogen evolution reaction. The adsorption was found to follow Langmuir adsorption isotherm.

[Bentiss et al., 2000]

· Towards corrosion of mild steel in  0.5MH2SO4, a new class of corrosion inhibitor namely, 2,5-bis (4-methylaminophenyl)-1,3,4-thiatriazole was used and investigated using potentiostatic polarization studies. At constant acid concentration, inhibitor efficiency increased with concentration of the inhibitor. The adsorption was consistent with Langmuir isotherm.

                                                                                              [Traisnel. M. et al., 2001]

2.3 Synthesis of Coumarins

Coumarins and chromanones are important natural products exhibiting biological activity.  For instance, furocoumarins possess anticoagulant, insecticide, anthelminthic, hyponic, antifungal and HIV protease inhibition activity.  In view of these facts, considerable efforts have been made for the synthesis of this class of compounds.  Many routes have been reported for the synthesis of coumarins including Perkin, claisen condensation, Von Pechmann, Knoevenagal as well as Reformatsky reaction. However the Pechmann reaction has been the most widely applied method for preparation of coumarins since it proceeds from very simple starting materials. The process consists of the condensation of phenol derivatives with (-ketonic esters.

2.3.1 Microwave Assisted Synthesis of Coumarins

The challenge in chemistry to develop practical processes, reaction media, conditions and/or utility of materials based on the idea of green chemistry is one of the most important issues in the scientific society.  The new techniques make use of ultrasonic irradiation, catalysts and microwave irradiation and with these new techniques many reactions are performed with high reaction rate, high selectivity and high percentage yield.  Microwave (MW) heating has attracted considerable attention recently as it provides the means to achieve organic reactions in a short time and with great efficiency. The microwave oven employed for these tasks could be the domestic microwave oven. 


Microwaves irradiation as a non-conventional energy source has become a very popular and useful technology in synthetic organic chemistry mainly due to

· Shorter reaction time

· Eco friendliness

· Simple and clean workup

· High yield

· Minimum or no use of hazardous reagents

· Better selectivity

· The Pechmann reaction could be quickly achieved using microwave irradiation of the reagents in household microwave oven.

    [V. Singh et al., 1997]

· Pechmann condensation of phenols with ethyl acetoacetate or methyl acetoacetate mediated by Zro2 / So42- or TiO2 / S2042- was found to be synthetically useful method to provide coumarins.  The easy separation, minimal environmental effects and recyclability of the catalyst made the method advantageous.









[Tong Shou Jin., 2003]

· Synthesis of coumarin via knoevenagal condensation in [Emim] BF4- took place smoothly at room temperature and produced coumarins in one pot with good yields. 








  [Weiliang Bao., 2003]
· The Pechmann condensation of various phenols and malic acid, maleic acid, or fumaric acid using sulphuric acid under MW irradiation yielded coumarins in good yield within five minutes.







             [Helavi V-B. et al., 2003]

· Pechmann condensation reaction between phenols and (-keto esters was performed  by using ytterbium triflate Yb(oTf)3 as a catalyst under solvent free condition to afford coumarin derivatives in high yield.







           [Limin Wang et al., 2003]

3. MATERIALS AND METHODS


In any research work the materials and the methods adopted are the aspects which decide and determine qualitatively and quantitatively the outcome of the research.  Hence in this chapter, the composition of the material selected, preparation of the specimen, test medium, synthesis of the inhibitor and techniques used for evaluation of inhibitor efficiency are described.  

3.1 Instruments Used
· Vacuum emission spectrometer DV.4

· Microwave oven BPL – 840T

· Jasco – 410 – IR Spectrphotometer

· Deep Vision  Digital Melting Point Apparatus

· Denver – 220 Digital balance

· Thermostat – NSW India

· Solartron – 1280 ZT electrochemical system (1280 B + USB 128087 S) - CIF 

3.2 Techniques Adopted
· Microwave synthesis

· Weight loss method

· Electrochemical polarization study 

· Electrochemical impedance spectra

3.3 Preparation of the Sample

Commercially available cold rolled mild steel sheet was machined into coupons of area 5x1 cm2.  The coupons were numbered and a hole was drilled at one end for suspension in the corrosive medium from a glass hook.  These coupons were degreased mechanically polished to mirror finish by emery paper, washed with distilled water and were stored in a dessicator and used for the investigation.

The elemental analysis of the sample has been carried out at Premier Instruments and Controls Limited (PRICOL) testing laboratory by using Vacuum emission spectrometer DV-4 and the composition of the sample is given in table (4.1).

3.4 Preparation of the Medium
Commercial grade sulphuric acid was used.  0.5M sulphuric acid was prepared by diluting the required amount of the concentrated acid with double distilled water.  The strength of the acid was determined by titration with standard sodium hydroxide.  

3.5 Synthesis of the Inhibitor 4-Methyl 7,8-dihydroxy Coumarin Through Microwave Irradiation

Condensation of pyrogallol with ethyl aceto acetate in the presence of poly phosphoric acid (PPA) gives 4-Methyl, 7,8-dihydroxy coumarin.


    Pyrogallol
          Ethylacetoacetate                   4Me-7,8diOHcoumarin


The reaction was carried out in a domestic microwave oven BPL model 840 T  (Plate I). Mixture of Pyrogallol (0.01M), ethyl aceto acetate (0.01M) and a few drops of poly phosphoric acid were added and microwaved for 30sec at 450 watt. The microwave irradiation was stopped and the reaction mixture was stirred well and cooled; the application of microwave pulses and cooling was repeated 10 times.

Purity of the product was tested with TLC with slica gel as adsorbent. A mixture of  benzene and ethyl acetate in the ratio 8:2 was used as a developing solvent. Spots were detected by exposing to ultraviolet light and by staining with iodine vapour. 

After monitoring TLC the reaction mixture was mascerated with crushed ice and refrigerated over night and then filtered. The product was recrystallised from dilute alcohol to get pure 4-Methyl, 7, 8-dihydroxy coumarin (yield 81%). Melting point was determined in an open capillary on the melting point apparatus and was uncorrected (273 – 2750C) (2740CL) (L - Limiin Wang et al., 2003). The I.R Spectrum of the compound was recorded on a Jasco – 410 – IR spectrophotometer and is given in figure (4.1).

3.5. Evaluation of Inhibitor Efficiency 

Weight loss method


Mild steel coupons were weighed using an electronic balance (Denver 220 Digital balance) and suspended from the hook into beakers containing 100ml of 0.5M sulphuric acid and 100ml of 0.5M sulphuric acid containing different concentrations of the inhibitor and at different time of exposure to the corrosive medium. Test specimens were removed, dipped in sodium bicarbonate solution to remove excess acid, washed with distilled water, dried and reweighed. The loss in weight was determined in triplicate and the results were averaged. The experiments were done at room temperature (303K).


As the inhibitor was insoluble in aqueous solutions, it was first dissolved in DMF in the concentration form and then diluted to different concentrations in the test electrolyte.  The different concentration of the inhibitor and the various immersion times chosen were

Inhibitor concentrations 

0.0001, 0.0003, 0.0005, 0.0007, 0.001, 0.003Mlit-1 in 0.5M H2SO4.  

Immersion time


1h, 3h, 6h and 24 hours 

Calculation of corrosion rate 


The corrosion rate was calculated using the formula



                   
   534W


C.R (mpy)
= 
-----------  



                  
    DAT

C.R.
-
Corrosion rate in miles per year

W
-
Weight loss in mg

D
-
Density of specimen in g cm-2
A
-
Area of specimen in inch2
T
-
Exposure time in hours

Percentage of inhibitor efficiency



   W0 – W 


%I.E
= ----------  x 100



       W0

I.E.
-
Inhibitor efficiency in %

W0
-   
Corrosion  rate without inhibitor

W
-
Corrosion rate with inhibitor

Determination of surface coverage


The surface coverage is the number of active sites covered by the inhibitor molecule and is given by the formula.


W0 – W 

Surface coverage (() = ----------

  


       W0

W0

-
Weight loss with out inhibitor 

W

-
Weight loss with inhibitor

Effect of Temperature


The thermostat was set to temperatures 400C, 500C, 600C and 700C (( 0.20C) and the experiments were carried out as done at room temperature. However, the immersion time was one hour at higher temperatures. 

Determination of thermodynamic parameters for the metal dissolution 


The activation energy, enthalpy and entropy of the metal dissolution were calculated by using Arrhenius equation and Eyring transition state equation.

Adsorption Isotherms 


The degree of  surface coverage ( corresponding to different concentrations of 4-Methyl, 7,8-dihydroxy coumarin at various temperatures were substituted in various adsorption equations to deduce the best isotherm. The various isotherms tested and the corresponding equations are listed in the following table.

	Isotherms
	Equation
	Plot

	Langmuir
	            (
KC = -----

          1- (
	Log((/1-() Vs logC

	Freundlich 
	( = KCn
	Log( Vs log(

	Temkin
	ea( = Kc
	( Vs logC

	Flory-Huggin
	Log(/C = log xK+xlog(1-()
	Log((/C) Vs log(1-()

	El-Awady et al
	Log[(/(1-()] = log k| + y logC
	Log((/1-() Vs logC


K = e-(Ga /RT

a  = molecular interaction parameter

A common procedure is to convert the isotherms to a linear form and plot accordingly the experimental data. The data can be fitted into any one of the isotherms. From the suitable plot, the adsorption parameters like equilibrium constant, free energy of adsorption, enthalpy and entropy of adsorption can be obtained.

3.6 Electrochemical Methods


The electrochemical measurements were determined using Solartron – 1280 ZT electrochemical system (1280B+USB128087S) CIF.

3.6.1. Polarisation Technique 


The cell for polarisation studies was a glass beaker containing the aerated unstirred test solution with a platinum strip as the counter electrode, a saturated calomel reference electrode and the mild steel electrode as the working electrode. For polarisation studies, mild steel strips of the same composition as in weight loss method coated with laquer with an exposed area of 1cm2 were used.

Procedure Adopted 

100ml of 0.5M H2SO4 was taken in an electrochemical cell. The polished electrode was then introduced. The electrode was placed to open circuit potential. Then the potential was scanned at –0.1mV/sec towards the anodic direction in Tafel extrapolation.

Applied potential Vs current was plotted and on extrapolating the linear portion to the corrosion potential, the corrosion current was obtained. In cathodic and anodic plot, the slopes of linear portion gives Tafel constants ‘bc’ and ‘ba’ respectively.

Determination of inhibition efficiency 


Inhibition efficiency was calculated by the equation (Tafel extrapolation)




    Icorr – Icorr(I)

I.E (%)
       =   -------------------  x 100




         Icorr
icorr
-
Corrosion current without inhibitor

icorr(I)
-
Corrosion current with inhibitor


Linear polarization method


    Rp(inh) – Rp(blank)
IE(%) 
=  ------------------  x 100 



           Rp(inh)

Where Rp is the polarisation resistance. 

3.6.2. Impedance Spectra

Impedance measurements were carried out at each corrosion potential.  An ac sine wave of 10 mv amplitude is applied to the electrode.  The frequency varying from 10 KHz to 100 MHz was superimposed as the open circuit potential.  The results are presented in the form of Nynquists and bode plots. In impedance method Rct​ is obtained from the  plots of Z’ Vs Z” (real part Vs Imaginary part),.  The value (Rs) corresponds to the point where the plot cuts Z axis at low frequency and the value of (Rct + Rs)  corresponds to the point where the semicircle cuts the Z axis at high frequency.  The icorr values are calculated from this Rct value by substitution in the          Stern-Geary equation





       ba x bc



Icorr
=
---------------------





2.3 (ba x bc ) x Rct
ba and  bc values are experimentally obtained.   

4. RESULTS AND DISCUSSION 


The results of the present investigation on the ability of 4-Me 7,8-dihydroxy coumarin to mitigate corrosion of mild steel in 0.5M H2SO4 are presented in this chapter. The inhibitor performance is discussed through various corrosion parameters. 

4.1. Microwave Synthesis 


Microwave synthesis of the inhibitor 4-Me 7,8-dihydroxy coumarin gave a good yield (81%) of pure compound within 5minutes. The purity of the compound was confirmed by its melting point which was identical with the literature value. The I.R spectrum of the compound is represented in (Fig.4.1). A broad band at (max = 3421cm-1 (hydroxyl group) and a sharp peak at (max = 1597cm-1 (carbonyl group) reflect the coumarinyl  nature of the compound.

4.2. Composition of Mild Steel 


The low carbon content (0.049%) and chromium content (0.050%) of the mild steel makes it suitable for corrosion mitigation by the addition of inhibitor. 

4.3. Factors Affecting the Inhibition Efficiency of 4Me 7,8-diOH Coumarin 

Weight Loss Method

4.3.1. Effect of Concentration 


(Table 4.2) gives the values of corrosion rate and the percentage inhibition efficiency of the coumarin for various concentrations of the inhibitor and (Fig.4.2) gives the pictorial representation of the same. Irrespective of the time of immersion, the inhibition efficiency is increased by increasing the concentration of inhibitor. A maximum efficiency of 85.41% was achieved at 0.003M concentration at 3 hours.


Generally organic inhibitor retards acid corrosion through adsorption. The corrosion inhibition can be described by an adsorption competition                                       (Y.E Cheng et al., 2001) in which the aggressive ions and the inhibitive ions compete for sites on the metal surface. At lower  inhibitor concentration the adsorption of SO42- ions predominates because of high SO42- ion concentration leading to a lower inhibition efficiency.  With high inhibitor concentration, a compact inhibitor over layer is formed on the mild steel surface, reducing  chemical attack of the metal.

4.3.2. Effect of Immersion Time 


There is no regular trend in efficiency with immersion time at lower concentration of inhibitor. This may be due to the poor adsorption of 4-Me, 7,8 dihydroxy coumarin on the metal surface. (Fig 4.3) however, at higher concentrations, the inhibitive action of the organic inhibitor increases upto 3 hours and then decreases. At early times of immersion adsorption of the inhibitor molecules occurs, as time passes, desorption of the inhibitor from the metal surface starts and hence the efficiency is decreasing. This shows that the inhibitive action is an equilibrium process. 

4.3.3. Effect of Temperature 


The effect of temperature on the inhibitory action of the coumarin derivative was determined by the weight loss at various concentrations of 4-Me 7,8dihydroxy coumarin (0.0001 to 0.0003M) at different temperatures (303, 313, 323, 333 and 343K) for a fixed exposure time of one hour. The tabulated data (Table 4.3) reveals that the C.R increases with increase in temperature both in the presence and absence of the inhibitor. At all temperatures the C.R decrease with increase of inhibitor concentration (Fig 4.7). But there is no trend in the inhibition efficiency. At lower concentrations the coumarin derivative has not shown any change in its protection performance. But at higher concentrations, the percentage of I.E increases upto 323K, with a maximum of 74% and then declines. This may be due to the desorption of the adsorbed inhibitor molecules at higher temperatures, thus exposing fresh metal surface to the corradant. 

4.3.4. Activation Parameters of the Metal Dissolution Process


Corrosion is a first order reaction in general. Hence corrosion rate can be given by Arrhenius equation 


C.R = Ae(-Ea/RT)




---------- 1

Where


C.R. 
-
corrosion rate


Ea
- 
the apparent activation energy 


A
-
the Arrhenius pre-exponential factor


Plotting the logarithm of C.R against (1/T) (Table and Fig 4.4). Ea values can be calculated.


The activation parameters such as enthalpy and entropy of metal dissolution were calculated by applying the Eyring’s transition state equation.



      RT            


C.R 
= --------- e ((S°/R). e (-( H°/RT)


---------- 2



       Nh 

Where 
h is the Planck’s constant 


N is the Avogadro number


(H( is the enthalpy of activation


(S( is the entropy of activation


The values of log (C.R/T) against (1/T) (Table 4.5) were plotted (Fig 4.5) Straight lines were obtained with slope equal to -(H(/2.303R and intercept                                        (log R/Nh + (S(/2.303R) from which (H( and (S( were calculated. The thermodynamic parameters are tabulated in (Table 4.6) of the table shows that Ea values of the metal dissolution process has not changed much by the presence of the coumarin derivatives. This reveals the fact that no energy barrier is attained. In other words the selected coumarin derivative retards the mild steel corrosion without changing the mechanism. The negative values of (H( indicates the spontaneity of the reaction and the large negative values of (S( indicate that the activated complex is associated. 

4.5. Adsorption Isotherms

The nature of the interaction of the inhibitor on the metal surface during the corrosion inhibition process can be deduced correctly by the adsorption characteristics. The degree of surface coverage values ( obtained from the weight loss measurement data were substituted in various isotherm models as given in chapter 3.


A plot of log ((/1-() Vs log C for the temperature range studied was linear              (Fig 4.8) suggesting that the adsorption of the coumarin derivative on the mild steel surface follows Langmuir adsorption isotherm which obeys the relation.

Log ((/1-() = logK + logC.



---------- 3

Where C is the bulk concentration of the inhibitor 

and K is the adsorption equilibrium constant and 


         1

K = --------- x e -(G(ads/RT



--------- 4

                   55.5


Though the plots were linear (C.C > 0.97), the slopes deviate from unity, contrary to what is expected for an ideal Langmuir model. The deviation may be advocated due to the molecular interaction between adsorbed organic inhibitor (with polar atoms or groups), a fact which was not considered during the derivation of the isotherm.

4.5.1. Kinetic Thermodynamic Model


The kinetic thermodynamic model suggested by El Awady et al., is a modification of Langmuir isotherm. The isotherm equation


Log [(/1-(] = log k|  + y log C


--------- 5

takes into account the number of active sites (1/y) of  the surface occupied by one molecule of the inhibitor and K the binding constant of the adsorption reaction is given by

         (1/y)

K = K(

A value of 1/y greater than unity indicates that more than one active sites are occupied by one molecule of the inhibitor. The results are tabulated in Table (4.7).

4.5.2. Freundlich Isotherm 


The surface coverage data also obeyed the freuchlich isotherm model. 


(  = kC1/n





--------- 6

where  0 < 1/n < 1


The linearity of the plots of log ( versus log C [C–C >0.95] (Fig 4.9) reveals that the inhibition process corresponds to Freundlich isotherm.


From the values of the equilibrium constant K obtained in the various isotherm models the standard free energy of adsorption (G(ads can be evaluated.  However, the calculation of standard free energy of adsorption (G(ads is not easy. Since the utilisation of the different isotherm equations taking into account or neglecting the intermolecular interactions would result in different values. Hence the identification of efficiency with this parameter is a rough approximation. Nevertheless the magnitude of (G(ads can provide information regarding the physical or chemical nature of adsorption.


In the present study, the (G( values were calculated according to the Kinetic thermodynamic model. The negative values of (G(ads proves the spontaneity of the process. The (G(ads values in the range 20-40 KJ mole-1 is clearly higher than that expected for a purely physical process. 


The statistical analysis of the isotherms models are given in (Table 4.8).

4.6. Electrochemical Methods 


Rapid and accurate measurement methods of corrosion rates are of tremendous importance, especially for the evaluation of corrosion inhibitors in acidic solution. Because of the electrochemical nature of corrosion process, different electrochemical techniques such as potentio dynamic polarisation, LPR and EIS techniques have been widely applied to corrosion system to determine the efficacy of the inhibitor. Hence, in the present study the above methods have been applied. 

4.6.1. Polarisation Measurements


The potentiodynamic polarisation curves illustrated in (Fig.5.0) show the effect of 4-Me 7,8 dihydroxy coumarin on the corrosion behaviour of mild steel in 0.5M H2SO4. The corrosion parameters deduced from Tafel polarisation are given in (Table 4.9).


From the icorr values the % IE was calculated.  It is clear from the above table, the icorr values decrease with increasing inhibitor concentration indicating the increased protecting efficiency of the mild steel by the chosen coumarin inhibitor. The change in the Tafel slope ba = 150 ( 11 and bc = 95 ( 11 were nearly equal evidencing the fact that the organic inhibitor belongs to mixed type.  This is also revealed from the constancy of the values of corrosion potential.

4.6.2. Linear Polarisation 


From the slope of the Tafel curves, the linear polarisation resistance Rp which is inversely proportional to icorr by Stern Geary equation is given by



       babc

Rp =  --------------------


          (2.303) (ba + bc)icorr

The calculated values of Rp and the I.E % from the Rp values are documented in (Table 4.9). It is well evident from the table, that the I.E% obtained by LPR as well as polarisation methods have yielded nearly identical results .
4.6.3. EIS Technique
Impedance diagrams (Nyquist plots) obtained for the frequency range 10MHz to 50KHz at the open circuit potential for mild steel in the presence and absence of                      4Me, 7-8 dihyrdoxy coumarin are shown in (Fig 5.1).  The semi-circular shape of the impedance spectra emphasizes the mass transfer phenomenon at the electrode-electrolyte interface but the existence of centre of the semi-circle below the X axis suggests the hetrogenous nature of the surface.  The Rct values have been calculated from the differences in impedance at lower and higher frequencies as suggested by (Rengamani. S. et al.,).  These values of Rct have been substituted in the Stern-Geary equation to obtain the corrosion current.  There is good correlation between the icorr values calculated from both the methods (Table 5.0) gives the values of Rct, icorr and Cdl for 0.5M H2SO4 alone and in the presence of 4Me, 7,8-dihydroxy coumarins.  This table clearly shows the fact that icorr values of 0.5 M H2SO4 are brought down by the presence of coumarin derivatives proving corrosion retardation by the inhibitor.  Decrease in the Cdl values indicates the adsorption of coumarin on mild steel.  

4.7. Probable Mechanism of Corrosion Inhibition by 4 Me 7,8-dihydroxy Coumarin


Inhibition of corrosion of mild steel in acidic solutions by 4 Me, 7, 8 dihydroxy coumarin can be explained on the basis of adsorption.  This compound inhibits corrosion by controlling both the anodic and cathodic reactions.  The organic inhibitor 4 Me, 7, 8 dihydroxy coumarin contains a benzene ring and a lactone ring.
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The methyl group at the 4th postion of the coumarin due to the +I effect, shifts the electron flow towards the lactone ring.  The ethylenic bond  and the carbonyl group activate the free electrons on the ring oxygen atom.  Further the presence of the two hydroxyl groups at the 7th and 8th position increase the ( electron charge density of the benzene ring. The adsorption on anodic sites occurs through ( electrons of the aromatic ring and the lone pairs of electrons of the oxygen atom.  This process is further facilitated by the presence of the vacant ‘d’ orbitals in iron.  Thus the coumarin derivative decreases the anodic dissolution of mild steel.

In acidic solution, the compound exists as protonated species. These protanated species adsorb on the cathodic sites  of mild steel and decrease the evolution of hydrogen. 

TABLE 4.1

COMPOSITION OF MILD STEEL USED

	ELEMENT
	

	CARBON

MANGANESE

SILICON

PHOSPHOROUS

SULPHUR

CHROMIUM

MOLYBDENUM

NICKEL

IRON


	0.049

0.346

0.026

0.038

0.020

0.050

0.019

0.019

99.452


TABLE 4.2

EFFECT OF CONCENTRATION OF 4-Me 7,8 – diOH COUMARIN

AND IMMERSION TIME ON THE WEIGHT LOSS OF MILD STEEL IN 0.5M 

SULPHURIC ACID - TEMPERATURE-303K

	   [Inh] moles/lt
	1 h
	3 h
	6 h
	24h

	
	  Wt  

loss(g)      
	C.R

(mpy)
	I.E %
	Wt  loss(g)       
	C.R   (mpy)   
	I.E

%
	Wt

loss(g)         


	C.R

(mpy)
	I.E

%
	Wt

loss(g)       
	C.R

(mpy)
	 I.E

  %

	BLANK

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030
	0.0126

0.0118

0.0108

0.0089

0.0081

0.0058

0.0046
	551

512.41

470.98

388.12

354.69

252.94

200.60
	-

7.00

14.52

29.56

35.63

54.09

63.59


	0.1261

0.1229

0.1155

0.1045

0.0331

0.0309

0.0184
	1833

1786.54

1679.01

1519.11

481.16

449.18

267.47
	-

2.53

8.40

17.12

73.75

75.49

85.41
	0.2943

0.2714

0.2408

0.2371

0.2130

0.2055

0.1383
	2139

1972.60

1750.19

1723.30

1548.14

1493.63

1005.20
	-

7.78

18.18

19.43

27.62

30.17

53
	0.6840

0.6121

0.5157

0.4310

0.3594

0.3438

0.3330
	1243

1112.40

937.15

783.24

653.14

624.88

605.17


	-

10.50

24.60

36.98

47.45

49.72

51.31


TABLE 4.3

EFFECT OF TEMPERATURE ON INHIBITION EFFICIENCY AT VARIOUS CONCENTRATIONS 

OF 4-Me 7,8-diOH COUMARIN ON MILD STEEL  IN 0.5 M H2SO4 (1 HOUR)

	[Inh]

moles/litre
	303K
	313K
	323K
	333K
	343K

	
	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

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030
	551

512.41

470.98

388.12

354.69

252.94

200.60
	-

7

14.52

29.56

35.63

54.09

63.59
	3210

2987.25

2586.04

2516.27

2036.57

1796.71

946.33
	-

6.94

19.14

21.61

36.55

44.03

70.52
	4662

4097.12

3510.57

3386.28

2891.31

2300.40

1681.15


	-

12.11

24.70

27.36

37.98

50.65

73.94


	6260

5900.37

5677.96

5080.51

4986.75

4842.84

2745.22
	-

5.75

9.30

18.84

20.34

22.64

56.15
	17165

15086.72

13647.61

12788.50

12090.75

11111.71

5647.44


	-

12.11

20.49

25.50

29.56

35.26

67.10


TABLE 4.5

TABLE FOR ARRHENIUS PLOT IN 0.5 ML H2SO4 WITH 

4-Me 7,8 diOH COUMARIN AS INHIBITOR

	[Inh] moles/litre


	Log C.R

	
	303K
	313K
	323K
	333K
	343K

	BLANK

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030


	2.7411

2.7096

2.6730

2.5889

2.5498

2.4030

2.3023
	3.5065

3.4752

3.4126

3.4007

3.3088

3.2544

2.9760
	3.6685

3.6124

3.5453

3.5297

3.4610

3.3618

3.2256
	3.7965

3.7708

3.7541

3.7059

3.6978

3.6851

3.4385
	4.2346

4.1785

4.1350

4.1068

4.0824

4.0457

3.7518


TABLE 4.4
TABLE FOR EYRING PLOT IN 0.5 M H2SO4 WITH 

4-Me 7,8 diOH COUMARIN AS INHIBITOR
	[Inh] moles/litre


	Log C.R/T

	
	303K
	313K
	323K
	333K
	343K

	BLANK

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030


	0.2596

0.2281

0.1915

0.1075

0.0683

- 0.0784

- 0.1791
	1.0109

0.9797

0.9170

0.9052

0.8133

0.7589

0.4804


	1.1593

1.1032

1.0361

1.0205

0.9518

0.8525

0.7163
	1.2741

1.2484

1.2317

1.1834

1.1753

1.1626

0.9161
	1.6993

1.6433

1.5997

1.5715

1.5471

1.5104

1.2165


TABLE – 4.6

THERMODYNAMIC PARAMETERS FOR THE DISSOLUTION OF MILD STEEL IN 0.5 M H2SO4 AT VARIOUS INHIBITOR CONCENTRATION

	[Inh] moles/litre
	-Ea KJmol-1
	-(Ho Jmol-1
	(So Jmol-1

	BLANK
	65.61
	62.66
	204.71

	0.0001
	64.74
	61.48
	200.31

	0.0003
	65.35
	62.43
	202.37

	0.0005
	66.93
	63.80
	205.88

	0.0007
	69.11
	66.19
	212.40

	0.0010
	74.38
	71.46
	227.41

	0.0030
	67.32
	64.42
	201.55


TABLE – 4.7
ADSORPTION PARAMETERS FOR 4-Me 7,8DiOH COUMARIN IN 0.5 M H2SO4 FOR EL AWADEY KINETIC THERMODYNAMIC MODEL
	Temperature in Kelvin
	Slope
	1/Y
	LOGK(
	LOGK
	-(Goads

KJ/Mol

	303
	1.0007
	0.9993
	2.8836
	2.8816
	23.94

	313
	1.0250
	0.9756
	2.9519
	2.8799
	27.71

	323
	0.9191
	1.0880
	2.7168
	2.9560
	29.07

	333
	0.8876
	1.1267
	2.2420
	2.5360
	27.29

	343
	0.7684
	1.3014
	2.1230
	2.7629
	29.60


TABLE – 4.8

STATISTICAL ANALYSIS OF ISOTHERM MODELS
	Statistical parameters
	Temperature

	
	303K
	313K
	323K
	333K
	343K

	Langmuir model
	
	
	
	
	

	Slope

Intercept

R
	1.0007

2.8836

0.9736
	1.0250

2.9519

0.9923
	0.9191

2.7168

0.9849
	0.8876

2.2420

0.9766
	0.7684

2.1230

0.9745

	Freundlich model
	
	
	
	
	

	Slope

Intercept

R
	0.7006

1.7048

0.9590
	0.6912

1.6654

0.9813
	0.5600

1.3176

0.9889
	0.6760

1.4332

0.9859
	0.4963

1.0542

0.9974

	Kinetic Thermodynamic model
	
	
	
	
	

	Slope

Intercept

R
	0.9993

2.8816

0.9736
	0.9756

2.8799

0.9923
	1.0880

2.9560

0.9849
	1.1267

2.5260

0.9766
	1.3014

2.7629

0.9745


TABLE - 4.9

ELECTROCHEMICAL PARAMETERS FOR MILD STEEL IN 0.5M SULPHURIC ACID  WITH  4-Me 7,8 diOH COUMARIN

	[Inh] moles/litre
	-Ecorr V
	Icorr            1(A cm-2
	bc           

mV (dec)-1 ​
	ba              mV(dec)-1  ​
	C.R. mpy
	I.E in %


	Rpohms/cm2
	I.E in %



	BLANK
	0.4843
	1.796
	91.489
	152.37
	831.52
	-
	13.82
	-

	0.0001
	0.4932
	1.598
	96.925
	138.99
	739.95
	11.01
	15.52
	10.95

	0.0007
	0.4899
	1.474
	93.443
	161.17
	682.47
	17.93
	17.42
	20.67

	0.005
	0.5101
	0.782
	106.41
	157.4
	362.22
	56.44
	35.25
	60.79


TABLE – 5.0

INHIBITION EFFICIENCY WITH 4-Me 7,8 diOH COUMARIN IN 0.5 M H2SO4 FROM ELECTROCHEMICAL IMPEDANCE SPECTRA

	 [Inh] moles/litre
	Rct
	Icorr 1(A cm-2
	Cdl (F
	I.E in %

	BLANK
	10.817
	2.2947
	91.09
	--

	0.0001
	12.112
	2.0472
	86.98
	10.6918

	0.0007
	15.04
	1.7076
	86.47
	28.0784

	0.005
	38.60
	0.7142
	76.37
	71.9766


[image: image3.jpg]0001

[1-wolsaquinuaaem
0002 000€

000%

1

N

b4

zl

T T T T i

€

D_ o

\ i
4 A0 &\(\f;\i\;\ | /M T

(74

08

-

00k

0Lt

1%





[image: image4.wmf]VARIATION OF INHIBITION EFFICIENCY WITH CONCENTRATION OF 4-Me 7,8diOH COUMARIN IN 0.5M 

SULPHURIC ACID 

0

10

20

30

40

50

60

70

80

90

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030

CONCENTRATION

I.E.%

1H

3H

6H

24H

FIGURE - 4.2

44



[image: image5.wmf]VARIATION OF INHIBITION EFFICIENCY WITH IMMERSION TIME IN 0.5M SULPHURIC ACID 

0

10

20

30

40

50

60

70

80

90

1H

3H

6H

24H

IMMERSION TIME(H)

I.E%

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030

FIGURE - 4.3

45



[image: image6.wmf]ARRHENIUS PLOT OF 4-Me 7,8diOH COUMARIN IN 0.5M H2SO4

2

2.5

3

3.5

4

4.5

3.0003

3.1949

3.096

3.003

2.9154

1/T* 1000

LOG C.R

BLANK

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030

FIGURE - 4.4

46




[image: image7.wmf]EYRING PLOT OF 4-Me 7,8-diOH COUMARIN

-0.5

0

0.5

1

1.5

2

3.0003

3.1949

3.096

3.003

2.9154

1/T* 1000

LOG C.R/T

BLANK

0.0001

0.0003

0.0005

0.0007

0.0010

0.0030

FIGURE - 4.5

47


FIGURE – 4.6
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5. SUMMARY AND CONCLUSION
In the present investigation the corrosion inhibition of 4Me, 7, 8 – dihydroxy coumarin on mild steel was examined by direct weight loss method, tafel extrapolation LPR method and EIS method.  All these methods confirmed the effectiveness of the inhibitor. 

 Conclusion

The inhibitor concentration, time of immersion and temperature significantly affect the protection performance of 4-Me 7, 8, dihydroxy coumarin.  It inhibits corrosion of mild steel in 0.5M H2SO4  by an adsorption mechanism which followed Freundlich  isotherm and El-Awady kinetic thermodynamic model.

The electrochemical studies reveal the fact that it acts as a mixed type inhibitor.  The inhibition is a mass transfer process by the adsorption of the inhibitor on the metal surface.

The adsorption of the organic compound is due to 

· Coulombic attraction between the protonated molecules and the charged metal.

· Interaction of unshared electron pairs in the oxygen molecule with the metal.

· Interaction of ( electrons of the benzene ring with the metal.

A combination of the above process can also take place

Suggestion


The protective performance of 4-Me 7,8 dihydroxy coumarin can be improved through synergism with an anion especially iodide ions.  A comparitive study with similar type of coumarin derivatives can be tried as inhibitors.
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FIGURE – 4.9








The Infra-red spectra of 4 - Methyl 7,8 – dihydroxy Coumarin
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