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1.  INTRODUCTION
                 Corrosion introduces itself into many parts of our lives. The outdoor rusting of steel, household and garden appliances is a common fact of life. All have seen the stains on cooking utensils from hot foods or experienced the metallic tastes in acid foods stored too long in opened, that these effects are caused by “corrosion” is well known.

                   Corrosion is the primary means by which metals deteriorate. Most metals on contact with water, acids, salts, oils, aggressive metal polished  and  other  solid  and  liquid  chemicals. Metals will corrode when exposed to gaseous materials like acid vapours, formaldehyde,  ammonia  gas and sulfur containing gases. We are all familiar with the corrosion of metals, as exemplified by the rusting of automobile bodies or steel bridges. However, corrosion is just as common in other material classes such as ceramics, plastics and rubber. Since practically all environments are corrosive to some degree, corrosion is a major contributing cause of material failure and is a large economic cost to society.

                 Corrosion is never correctly reported as the cause of many fatal incidents, but a few examples can be sited. The airline accident in Hawaii in which part of the fuselage tore away was in all probability due to the combined effects of “cyclic mechanical stress” and “atmospheric corrosion” in a semitropical environment. The well known bridge collapsed at pt-pleasant, West Virginia killed 46 in 1967 and has been attributed to “stress corrosion cracking”.

                    Selective corrosion of a welded liquid gasoline pipeline in Minnesota in 1986 resulted in massive fire damage to an entire town and the loss of two lives. Again in 1986, a steam pipe suffering the combined effect of “corrosion and erosion” burst at a Virginia nuclear power generating plant, severely burning eight nearby workers.

                   However we could be saved if  best  and presently known, practices to combat corrosion were applied. Chemical industry efforts involve high costs, but this industry is in the forefront with regard to utilizing corrosion control practices. In fact our economy would be drastically changed if there were no corrosion.

                 Corrosion represents a tremendous economic loss and much can be done to reduce it.  Both  direct  and indirect losses due to corrosion are high and will further increase with industrialization. A substantial portion of the government and industrial  funds are being spent all over the world for combating corrosion losses.

                   The Corrosion of iron and mild steel is of fundamental, academic and industrial concern that has received a considerable amount of attention. Hence the present work is aimed to investigate corrosion studies on mild steel.

                    Although corrosion is inevitable, its cost can be considerably reduced. For example, an inexpensive magnesium anode could double the life of a domestic hot water tank. Proper selection of materials and good design reduce cost of corrosion. Aside from its direct costs in dollars, corrosion is a serious problem because it definitely contributes to the depletion of our natural resources. For example, steel is made from iron ore, our domestic supply of high grade directly smeltable iron ore has dwindled.

                     Inhibitors are chemicals that react with a metallic surface, or the environment. These inhibitors when added, in a small concentration to an environment, effectively reduce the corrosion rate of a metal exposed to that environment. In the oil extraction and processing industries, inhibitors have been considered always to be the first line of defense against corrosion.

                     A particular advantage of corrosion inhibition is that, it can be implemented or changed in situ, without disrupting a process.  Most of the inhibitors used in industry are organic compounds, which mainly contain oxygen, sulphur, nitrogen atoms and multiple bonds in the molecules through which they are adsorbed on the metal surface.

                  Coumarins belong to a group of compounds known as benzopyranones, all of which consist of a benzene ring joined to a pyrone. Coumarin and other members of a coumarin family are benzo  - pyrone.
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                 Coumarin occupy a special place in the natural and synthetic organic chemistry. They are used as additives to food, optical brightners, dispersed fluorescents and laser dyes. They act as plant growth regulators, fungistats and bacteriostats. Besides, coumarins and its derivatives are potential chelating agents.

                  Derivatives of coumarin occur as secondary metabolites present in seeds, roots and leaves of many plant species, usually as glycosides. Natural products of plant origin contain various organic compounds. Due to the diversity of their structures many extracts of common plants have been used as corrosion inhibitors for mild steel in pickling and cleaning processes. Most of these extracts contain aminoacids, anthroquinones, steroids, coumarins and reducing agents. The inhibitive nature of these extracts is known to be fortified through synergism of the heterocyclic constituents.

                  Aloe plants are the succulents, grown in Egypt merely for ornamental purposes and are also used in popular medicine. The aqueous and alcoholic extracts of different aloe plants are highly efficient in retarding the dissolution of steel, in HCl. Of these the Aloe Arboresceuce and Aloe Grandidlutata contain coumarin as one of the constituents other than amino-acids, anthroquinones and reducing agents. (Saleh et al, 1983)

                  Prompted by the interesting results of the inhibition efficiencies of these coumarin containing natural plant extracts, the present study is aimed at evaluating the inhibitor efficiency of a simple coumarin derivative namely  4 – hydroxy coumarin on mild steel in acidic environment.

                 Micro wave irradiation is a high yielding  protocol for the synthesis of coumarin derivatives. Coumarins can be synthesized by one of such methods as the Claisen rearrangement, Perkin reaction, Pechmann reaction as well as the Knoevenagel reaction. The Pechmann reaction is one of the most widely used method for the preparation of coumarin. The process consists of the condensation of phenol derivatives with 
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- ketonic ester derivatives giving coumarin derivatives catalysed by ZnCl2, POCl3, P2O5, etc above 150
[image: image5.wmf]0

 C. The conventional method requires drastic conditions and long heating ( nearly 35 Hrs) and in some cases give lower yields.

                 It was recently shown that the Pechmann reaction could be quickly achieved using micro wave irradiation of the reagents in an ordinary household micro wave oven (Singh  et al,1997). One of the most important aspects of micro wave energy is the rate at  which it heats. Micro waves transfer energy within nano seconds. Thus high instantaneous temperatures are reached enhancing the reaction rate. Hence an attempt has been made to synthesise the inhibitor 4 – hydroxy coumarin by micro wave irradiation – an environmentally benign method.        

                 No discussion of the use of inhibitors in acid solutions can be complete without the mention of the phenomenon of synergism. Synergism is an enhanced inhibition, which may be related to interaction between the inhibitor compounds. This effect has been observed since the earliest days of inhibitor technology and continues to be a potent tool in the development of acid inhibitors for specialized uses. The synergistic action of  anions on the inhibition of  iron, in acid solution containing organic compound have been reported by several workers (Zhang et al , 2003).  Hence, in the present investigation, the enhancement of protection efficiency of the organic inhibitors by iodide ions has also been studied.

1.1  OBJECTIVES

☻ To synthesis the organic inhibitor  4 – hydroxy   coumarin through microwave

      irradiation

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

☻To evaluate the various factors affecting the protecting efficiency of the

     synthesized inhibitor such as

     (i) Concentration of the inhibitor

     (ii) Immersion time in the aggressive medium

     (iii) Temperature

       by mass loss method.

☻ To examine the influence of iodide ion on the inhibiting power of  4 – hydroxy

      coumarin on mild steel.

☻ To confirm the inhibiting behaviour of the prepared organic inhibitor

      through surface analysis.

☻ To determine corrosion parameters of the test solutions by potentiostatic

      polarization technique.

☻To compare the inhibitor efficiency of  4 – hydroxy coumarin obtained by

     weight loss and polarization technique.

☻To interpret the results of the studies with variation of inhibitor 

     concentration, immersion time and temperature.

☻ To calculate the synergism parameter.

☻ To obtain the activation parameters of the dissolution of mild steel in the

      absence and presence of different concentrations of  4 -  hydroxy coumarin

☻ To deduce the nature of inhibitor interaction on the corroding surface in

      terms of adsorption  characteristics through different adsorption isotherm

      models.

☻To detect the best suited isotherm for the inhibitor process through

      statistical analysis.

☻ To analyse the applicability of the different adsorption isotherms by way

      of comparison of the thermodynamic parameters of adsorption obtained

      from the respective equations.

☻ To reason out the probable mechanism of inhibiting action of 4 – hydroxy

      coumarin on mild steel in H2SO4 medium.

2.  REVIEW OF LITERATURE

                 A research work is a gradual progress and systematic unfoldment of important existing concepts which have already been dealt with and experimented  upon by other experts and science scholars. The literature  of the  past  findings  and  studies is essential and indispensable for further experimentation and research work where the discovery of new concepts is an extension of existing concepts. So, for a deeper and more profound analysis and research as a furtherance of the existing knowledge, the basic principles of corrosion and its inhibition methods are explained in this section.

2.1 DEFINITION

                  Metal atoms in nature are present in chemical compounds i.e minerals. The same amount of energy is needed to extract metals from their minerals, they are emitted during the chemical reactions that produce corrosion. Corrosion returns the metal to its combined state i.e chemical compounds that are similar or even identical to the minerals from which the metals were extracted. Thus, corrosion is defined as;

“Extractive metallurgy in reverse” 



                                                                                                                             Rust

 

                          Iron ore

                                                                                                                          Hydrated                                      

                          Iron oxide                                                                              Iron  Oxide



Most iron ores contain oxides of iron, and rusting of steel by water and oxygen results in a hydrated iron oxide. Rusting is a term reserved for steel and iron corrosion, although many other metals form their oxides when corrosion occurs.

2.2   PRINCIPLE OF CORROSION

Nearly all metallic corrosion processes involve transfer of electronic charge in aqueous solutions. Hence it is necessary to discuss electrochemical nature of corrosion, which can be illustrated by the attack of iron by hydrochloric acid. When iron is placed in dilute hydrochloric acid a vigorous reaction occurs, as a result of which hydrogen gas evolved and iron is dissolved.

Fe +  2H +                        Fe2+  +  H2

The above reaction can be divided into two partial reactions.

a. Oxidation: (anodic reaction)

Fe                            Fe 2+ +2e-
b. Reduction:  (cathodic reaction)

2H+  +2e-                   H2

These partial reactions occur simultaneously and at the same rate on the metal surface. If this were not true, the metal would spontaneously become electrically charged which is clearly impossible. Thus during metallic corrosion the rate of oxidation is equal to the rate of reduction. Corrosion occurs through the formation of electrochemical cells in which the anode corrodes and the cathode is protected.

2.3    CLASSIFICATION OF CORROSION

Corrosion has been classified in many different ways.

Based on temperature

a). Low temperature corrosion

b). High temperature corrosion

Another separates corrosion into

a). Oxidation corrosion

b). Electrochemical corrosion

The preferred classification is

a). Wet corrosion

b). Dry corrosion

2.4     FORMS OF CORROSION

Eight forms of corrosion are unique, but all of them are more or less interrelated. 

They are:

· Uniform attack

· Galvanic corrosion

· Crevice corrosion

· Pitting

· Inter granular corrosion

· Selective leaching

· Erosion corrosion

· Stress corrosion

2.5    CORROSION MONITORING  TECHNIQUES

Corrosion monitoring techniques have been classified  into two main categories.

                                                    Techniques


Physico-chemical methods                                 Electro-chemical methods
1. Weight Loss method                                     1.    Tafel extrapolation method

2. Gasometric  method                                      2.    Linear polarization method

3. AC impedance meth

2.5.1 Weight loss method

                 The simplest and longest established method of estimating corrosion losses in plant and equipment is weight loss analysis. A weighed sample of the metal or alloy under consideration is introduced into the process and removed after a reasonable time interval. The coupon is then cleaned of all corrosion product and is reweighed. The weight loss is converted to a total thickness loss, or average corrosion rate using proper conversion equations. (www.corrosion-doctors.org/inhibitors/inhibitors.htm) 

                 Weight loss determination has a number of attractive features that account for its sustained popularity. It is

a) Simple: No sophisticated instrumentation is required to obtain  a  result.

b)  Direct:   A direct measurement is obtained with no theoretical assumptions or approximations.

c) Versatile: It is applicable to all corrosive environments, and gives information on all forms of corrosion.

2.5.2 Linear polarization resistance technique

                 Polarization resistance is particularly useful as a method to rapidly identify corrosion   upsets and initiate remedial action, thereby prolonging plant life and minimizing unscheduled downtime. The technique is utilized to maximum effect, when installed as a continuous monitoring system. This technique has been used successfully for over 30 years, in almost all types of water based corrosive environments. Some of the more common applications are

· Cooling water system.

· Portable water treatment and distribution.

· Waste water treatment systems.

· Pickling and mineral extraction processes.

· Pulp and paper manufacturing.

                 The measurement of polarization resistance has very similar requirements to the measurement of full polarization curves. There are four different methods of making the measurement according to whether the current or the potential is controlled and whether the current is swept smoothly from one value to another, or simply switched between two values. In addition the measurement may be made between two nominally identical electrodes, or a conventional three electrode system may be used.

2.6   CORROSION  PREVENTION

· Materials selection :

· Metals  and  Alloys

· Metal Purification

· Non-metallics

· Alternation of environment :

· Changing  Mediums

· Inhibitors

· Design

· Cathodic and Anodic protection

· Coatings

2.7   CLASSIFICATION OF INHIBITORS
                 There are numerous inhibitor types and compositions.  Most inhibitors have been developed by empirical experimentation and many inhibitors are proprietary in nature so that these composition is not disclosed. Inhibition is not completely understood because of these reasons, but it is possible to classify inhibitors according to their mechanism and composition. 

2.7.1   Adsorption – type inhibitors 

                 These represent the largest class of inhibiting substances. In general these are organic compounds which adsorb  on the metal surface and suppress metal dissolution and reduction reactions. In most cases, it appears that adsorption inhibitors affect both the anodic and cathodic processes, although in many cases the effect is unequal. Typical of this class of inhibitors are the organic amines. 

2.7.2   Hydrogen – evolution poisons

                 These substances, such as arsenic and antimony ions, specifically retard the hydrogen – evolution reaction. As a consequence, these substances are very effective in acid solutions but are ineffective in environments where other reaction processes such as oxygen reduction are the controlling cathodic reactions.

2.7.3   Scavengers 

                 These substances act by removing corrosive reagents from solutions. Examples of this type of inhibitor are sodium sulfite and hydrazine which remove dissolved oxygen from aqueous solutions as indicated in equations as follows :

             2Na2SO3 + O2    (   2Na2So4 

              N2H4 + O2   (  N2 + 2H2O

                 It is apparent that such inhibitors will work very effectively in solutions where oxygen reduction is the controlling corrosion cathodic reaction but will not be effective in strong acid solutions.

2.7.4   Oxidizers

                 Such substances as chromate, nitrate and ferric salts also act as inhibitors in  many systems. In general, they are primarily used to inhibit the corrosion of metals and alloys which demonstrate active – passive transitions, such as iron and its alloys and stainless steels. 

2.7.5    Vapor – phase inhibitors

                 These are very similar to the organic adsorption – type inhibitors and posses very high vapor pressure. As a consequence, these materials can be used to inhibit atmospheric corrosion of metals without being placed in direct contact with the metal surface. In use, such inhibitors are placed in the vicinity of the metal to be protected, and they are transferred by sublimation and condensation to the metal surface. The vapor-phase inhibitors are usually only effective if used in closed spaces such as inside packages or on the interior of machinery during shipment. 

2.8   MODE OF ACTION 

                 Inhibitors often work by adsorbing themselves on the metallic surface, protecting the metallic surface by forming a film. Inhibitors are normally distributed from a  solution   or  dispersion.  Some  are  included   in   a   protective   coating   formulation. 

( www.dow.com/ethyl/app/corinhbt.hmt) 

Inhibitors slow corrosion processes by either:

a)  Increasing the anodic or cathodic polarization behavior

b)  Reducing the movement of diffusion of ions to the metallic surface.

c)  Increasing the electrical resistance of the metallic surface.

2.9   LIMITATIONS  OF  CORROSION  PREVENTION  BY  INHIBITORS

                  Inhibitors can be used to great advantage to suppress the corrosion of metals in many environments, there are certain limitations of this type of corrosion prevention which should be recognized. First, 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 to 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. Arsenic salts, which exert a powerful inhibiting effect in strong acids, have limited applications for this reason. 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” systems. Finally, inhibitors generally rapidly lose their effectiveness as the concentration and temperature of the environment increase.

                 Only very few Chemical compounds are used in practice as inhibitors. This is partly due to the fact that the desirable properties of an inhibitor usually extend beyond those simply related to metal protection, consideration of cost, toxicity, availability, and environmental friendliness are of considerable importance.

                 Since this study is focused on corrosion control using inhibitors, the following unit will give a clear outlook on inhibitors.  Corrosion inhibitors are usually used for protection. A great number of scientific studies have been devoted to the subject of corrosion inhibitors but most of what is known has grown  from trial and error experiments both in the laboratories and in the fields.

The importance of corrosion control by using inhibitors has been reviewed by classifying them under the  following categories.

A)  The effect of inhibitors on different metals.

B)  The inhibitor efficiency of the naturally occurring substances in acidic medium.

C)  Chemical compounds used as the inhibitors.

     2.10  THE EFFECT OF INHIBITORS ON DIFFERENT METALS

►           Potentiostatic and potentiodynamic  were carried out to establish the inhibiting effects of citric acid on the pitting corrosion of tin by  Almedia et al , 1998. 

                 The critical potential was determined in 0.5 m sodium perchlorate in the pH range from 1.0 to 4.0. The result showed  that the type of corrosion, pitting or general depends on pH. At pH 3.0 and 4.0 the pit initiation is preceded by the formation of an oxide  layer, described by a dissolution- precipitation model for metal passivation.

                 In general, compounds which inhibit pitting can promote general corrosion. In inhibiting effect of citric acid on pitting corrosion is recognized by the shift of the critical potentials to more positive values.

►        Bgugaine (Bg) and its derivative have been tested as corrosion inhibitors for iron in 1 m HCl by weight loss method. It has been found that;

a). Bg is highly inhibiting and its inhibition efficiency increases with concentration and gets absorbed on iron surface according to a Frumkin  Isotherm model.

b). The effect of temperature indicated that inhibition efficiency of Bg is  temperature independent. ( Belpheir Hammouti et al, 1995)

►           In 1999, Kliskic et al investigated the first natural phenol subtraction of the aqueous extract of Rosemary leaves as corrosion inhibitor for the Al – 2.5 Mg alloy in a 3 % NaCl solution at 25
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 C over a wide range of concentrations.

a). The results of polarization measurements have indicated that the aqueous rosemary leaves extract acts as a cathodic inhibitor for corrosion of the Al – 2.5 Mg alloy.

b). The adsorption behavior of the catechin fraction and the commercial catechin can be described by the Freundlich adsorption isotherm. The values determined for standard free adsorption energies correspond to physical adsorption of an organic substance  at the surface.

►              The   inhibitive    of    three   Schiff   bases,  N, N’ –  O  –  phenylen  –  bis

( 3 methoxy  Salicylidenimine ), N, N’ – P – phenylen – bis ( 3 methoxy Salicylidenimine )  and  N – [( 2 hydroxy – 3 – methoxy phenyl) Methylene ] – histidine on copper corrosion in aerated 0.5 mol dm-3   NaCl  and NaBr solutions was investigated using EIS and steady- state polarization techniques. The following conclusions have been stated

a) The  inhibitor effectiveness depended strongly on the geometric structure of the schiff bases

b) The Schiff bases inhibited the cathodic current  significantly than the anodic current.

c) The inhibition action of the Schiff bases was due to their adsorption on the copper surface followed by complexation  with Cu (1) or Cu(11) ions, forming a blocking barrier to copper corrosion  (  Ma  et al , 2001)

►        Metikos- Hukovic et al , 1997 studied the inhibitory activity of some substituted N- aryl pyrroles on Aluminium corrosion in HCl in relation to inhibitor concentration, using potentiodynamic and impedence spectroscopy techniques.

Polarization measurement showed that all substituted N-aryl pyrroles induced a decrease in the cathodic currents without affecting the anodic polarization behavior.

                 Impedance measurements at Ecorr   showed a high frequency capacitive loop related to the dielectric properties of the surface film and a low frequency inductive part  attributed to the relaxation of the absorbed species and metal dissolution.

                 Both measurements showed that inhibitory efficiency increased with increasing inhibitor concentration.

►            The inhibiting properties of some organic phosphonium and ammonium compounds were studied with respect to the corrosion of zinc in 1M H3PO4  solution by Morad et al, 1998. The following conclusions have been stated;

a) Addition of organic onium compounds inhibits the corrosion of Zn in 1 M  H3PO4  solution without changing the mechanism of hydrogen evolution or Zn dissolution  reactions.

b) Organic onium compounds of aromatic nature are absorbed at the Zn surface following Frumkin’s adsorption isotherm and offer better inhibition efficiency than those having no  π   electrons. The adsorptive behavior of the latter compounds obeys the Langmuir isotherm.

c) The studied onium compounds act as primary interface inhibitors and form a two dimensional layer on Zn surface.

►            The inhibition  effect of gamma-pyrodiphenon ( γ Pd ) on copper corrosion in near natural sulphate solutions was investigated by weight loss method and polarization measurements. The following conclusions have been drawn:

a)  γ-pyrodiphenone showed a high inhibition efficiency towards copper corrosion at extremely low concentrations.

b)  In the presence of  γPd the cathodic as well as the anodic process effectively inhibited. ( Petkova et al , 1998 ).

2.11  THE INHIBITOR EFFICIENCY OF THE NATURALLY OCCURING  SUBSTANCES  IN  ACIDIC  MEDIUM

►           The alkaloids, nicotine & papaverine contained in natural products such as tobacco leaves and black pepper have proved themselves as excellent inhibitors.

Dr. Kumkum Srivastava  et al, 1980 studied the high inhibition efficiency of Tobacco extract for the dissolution of mild steel in HCl, log corrosion vs 
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 gives straight line plots both in the presence and absence of tobacco extract.

The straight line plot  relating log inhibitor concentration & log ө confirms that the Freundlich adsorption equation holds, and supports the suggestion that the mechanism of inhibition is one of chemisorption.

►         The  effective performance of juices extracted from the bark, nuts & apples of Anacardium occidentale on the corrosion inhibition of mild steel immersed in 0.1 m HCl at ambient temperature was investigated  by  weight loss method  and potential   measurement techniques.

                 The bark juice extract at the concentrations used cannot inhibit the corrosion of mild steel in 0.1 m HCl at ambient temperature.

The nut juice extract, at the concentrations used is unsuitable  for use as a corrosion inhibitor inhibitors for the mild steel in 0.1 m HCl.

                 The good result obtained with the use of  an apple juice extract indicates its viability as a corrosion inhibitor for mild steel in 0.1 HCl at the ambient temperature (Loto et al, 2000)

►         The performance of bark and leaf solution extracts of mango ( Mangifera Indica) on the corrosion inhibition of mild steel in 0.2 M diluted H2SO4  at ambient temperature was investigated by Professor  Loto, 2001.

               The experimental work was performed by using the weight loss method and potential measurement technique.

               The results obtained showed that the bark and the leaves separately used, will provide very little inhibition. The combination of the two, however at a concentration of 1.0 ml / 100 ml  of 0.2 M diluted H2SO4  gave very good result that could make it a very useful inhibitor at the ambient temperature.

►             Mild steel undergoes severe corrosion in HCl which is used in industries for cleaning of boilers and oil well tubes.

                   For the corrosion inhibition action on mild steel several N, O and S containing compounds have been studied by Ramesh et al,  2001.
                   The acid extract of Andrographis paniculata has been investigated by mass loss method, Tafel polarization & impedance studied for its inhibitive action, the result reveal that this plant extract has the potential to serve as corrosion inhibitor.

►                Sanghvi et al, 1997 evaluated the mild steel corrosion inhibitor efficiency of the extracts of dry powders of fruits of each Embilica  uflicianalis Terminalia chebula and Bellirica in  5 % commercial HCl at 328 K, by using Tafel polarization and linear polarization resistance techniques. Remarkable decrease in corrosion current and increase in linear polarization resistance values were observed in the presence of the acid extracts.

Weight loss data were also obtained for comparison and it was found that the extract effectively inhibited the acid corrosion.

►            Saleh et al, studied the inhibitive effects of aqueous and alcoholic extracts of the leaves of seven Aloe plants on corrosion of mild steel in 5 % HCl, using the weight loss technique. The extracts of most of these species contain amino acids , anthaquinones, coumarins and reducing substances.

In the presence of a high enough concentration of the extracts, values of inhibition efficiency ranging from 70 – 82 % were obtained.

►             Zakvi et al, 1988 studied the corrosion inhibition of mild steel in the hydrogen saturated 0.1 N solutions of H2SO4, HCl, H3PO4 & HNO3 and an extract of 0.5 g / l of Mahasudarshana churna by using potentiostatic mode by Tafel extrapolation & transient  linear polarization resistance techniques. The corrosion attack of the blank acids on mild steel was in the order :

HNO3     >           HCl        >       H2SO4         >    H3PO4
and the corrosion rates were effectively decreased in these acid extracts.

2.12    CHEMICAL COMPOUNDS USED AS THE ACID CORROSION INHIBITOR ON MILD STEEL

►          Abd el.  Rehim et al, 1999 investigated  4 – amino antipyrine as a corrosion inhibitor   for mild steel in 2 M  HCl solution using  weight loss method,  potentio-dynamic polarization and electro-chemical impedance spectroscopy techniques.

The results showed that 

4 – amino antipyrine behaves as an anodic inhibitor for mild steel corrosion in 2M HCl. The protection efficiency increases with increase in inhibitor concentration but decreased with increase in temperature. The data obtained was found to be fit for both the Flory- Huggins isotherm and the El Awady thermo-dynamic kinetic model very well

►    Abd el.  Rehim et al, 2001   studied  the  corrosion   inhibition  characteristics of 

2 – amino thiophenol ( ATP) and 2 – cyanomethyl benzo thiazole (CNMBT) on two types of steel in 1 M  HCL medium at different temperatures. The pitting corrosion behavior for the same system was studied  using a potentiometer technique, although the general corrosion was studied by using gravimetric and galvanostatic polarization techniques

                           The presence of the two organic compounds inhibits the pitting corrosion in 1 M  HCl as well as the general corrosion.

                           The inhibition efficiency increases with increase in the concentration of these inhibitors but decreases with an increase in temperature. The adsorption of these surface obeys Langmuir  adsorption isotherm. The inhibitors were found to be predominantly  anodic for the two steel samples in 1 M  HCl.

►         The inhibition of corrosion of mild steel in HCl solution 4 ( 4- amino – 2 methyl – 5 – pyrimidinyl methyl thio) acetic acid (AMMPTA), 3 – ( 4 – amino – 2 – methyl – 5 – pyrimidyl methyl ) – 5 – ( 2 – hydroxyethyl) – 4 – methyl thiazolium chloride hydrochloride ( AMMPTC) and thioglycollic acid ( TGA  ) has been studied by weight loss and hydrogen evolution measurements.

              The corrosion of mild steel in HCl solution without inhibitor increases with increase in acid concentration and temperature.  The inhibitors used in this  investigation ( AMMPTA, AMMPTC, TGA ) inhibit the acid corrosion of mild steel to various degrees.  The inhibition efficiency increases with increasing inhibitor concentration  and decreasing temperature ( Abirla et al, 2002).

►           The cationic surfactant cetylpyridinium chloride (CPC) showed high inhibition efficiency for the corrosion of low carbon steel in 1M H2SO4. Electrochemical measurements were devoted to test the capability of cetylpyridinium chloride, to inhibit the acid corrosion of iron.

                 The inhibitor efficiency was found to increase with increase  in concentration and temperature. The values of the free energy adsorption, the heat of adsorption & the activation energy in the presence of inhibitor.( Atia et al, 2003)

►         Hexyl amine and dodecylamine were investigated as inhibitors of mild steel HCl corrosion, in concentrations from 1 ( 10-6 to 1.0 M at a temperature of 298 K. The following conclusions have been stated;

a) Dodecylamine gives higher inhibition efficiency for mild steel HCl corrosion than hexylamine.

b) Hexylamine and dedecylamine were chemically adsorbed on the mild steel surface according to Flory-Huggins and Dhar-Flory-Huggins isotherms, with one hexylamine or dodecylamine molecule replacing three molecules of H2O. ( Bastidas et al,  2000)

►          Bentis et al , 2000 synthesized  a new class of corrosion inhibitors , namely , 2,5 – bis ( 4 – dimethyl aminophenyl ) – 1, 3, 4 – thiadiazole ( DAPT) & its inhibiting action on the corrosion of mild steel in 1 M   HCl  and 0.5 M   H2SO4 at 30
[image: image8.wmf]0

C was investigated by various corrosion monitoring techniques.

                 DAPT  inhibits the corrosion of mild steel both acids but the better performance is seen in the case of H2SO4. The inhibition efficiency of DAPT is temperature-independent  and its addition leads to a decrease in activation corrosion energy. Adsorption of DAPT on the steel surface from 1 M  HCl and 0.5  H2SO4 follows the Langmuir Isotherm indicating that the main inhibition process occurs via adsorption. The negative value of ∆GA obtained from this study indicates that DAPT was strongly adsorbed on the steel surface.

►        Martinez et al, 2001  investigated Mimosa tannin as inhibitor  of two low carbon steel H2SO4 corrosion in concentrations from 10-5 to 10-1 mol L-1, at the temperature of 298K in the solutions of   pH  1,2 and 3.

              The adsorptive behavior was approximated by both Temkin and Frumkin type isotherms verifying the assumption of a monolayer adsorption.

               Relatively low value of the adsorption energy suggests the physisorption based mechanism. The adsorption was found to be obey the Freundlich adsorption isotherm.

►           Linear   polarization resistance is mainly employed  to study the behavior of three alkaloids namely cinchonine, quinine sulphate and brucine as inhibitors for the corrosion of mild steel in 11 % ( V / V) and 0.1 N HCl acid. The order of inhibitor efficiency as follows ;

Bru cine    >        Quinine sulphate             > cinchonine

                 The presence of methoxy group in the molecule adds significantly to the efficiency of inhibition ( Mehta et al, 1981)

. 

►        The corrosion behavior of the Ti – 4 – 4 alloy was investigated in HNO3 , H3PO4 ,  and  H2SO4 solutions at room temperature. This study shows that,

a)  Ti - 4 – 4 alloy is passive in all HNO3 solutions and in 20 weight  %  H3PO4.

b)  Ti – 4 – 4 alloy has active behavior in 40 – 80 weight  %  H3PO4 and in all H2SO4 solutions.

c)  In 60 and  80 weight % H3PO4  and in H2SO4 solutions very high corrosion rates were measured ( Robin et al, 2001).

►                  Zhang et al, 2003  used 2-mercapto benzimidazole (MBI) as a copper corrosion inhibitor in aerated 0.5 mol L-1 H2SO4 acid solutions. The inhibition efficiency increased with increasing MBI concentration to 74.2% at the 1mm level.

                 A synergistic effect existed when MBI and iodide ions were used together to prevent copper corrosion in H2SO4 acid. The synergistic effect may result from initial contact adsorption of iodide anions  on the copper surface, thereby facilitating the adsorption of protonated  MBI and the formation of a inhibitive film.

3.  MATERIALS   AND  METHODS

                 For any experiment, methods and materials are of paramount importance since they are the aspects which decide and determine the outcome of the research. So, selecting the method and materials is vitally important for the production of results an hence the following methods and materials were used for the achievement of desired objectives. The present work is to evaluate the inhibitor efficiency of  4 – hydroxy  coumarin as acid corrosion inhibitors for mild steel in 0.5 M  H2SO4.

3.1 SELECTION OF THE SAMPLE

                 Mild steel is widely used in most of the chemical industries due to its low cost and easy availability for fabrication of various reaction vessels, tanks, pipes etc.  Since it suffers from  severe corrosion  in aggressive environment it has to be protected. Hence an attempt has been made  in the present work to control the corrosion of  mild steel.

3.2   PREPARATION OF THE SAMPLE
                 The sheet of cold rolled mild steel, which is commercially available in the market  were  machined  into coupons of area  5 ( 1 cm2.  Holes were drilled on the center of the one side of all the coupons for suspension. These coupons were degreased, cleaned  with emery paper and washed with distilled water. The panels were stored in a desiccator in the absence of moisture before their use for the investigation.

         The composition of the sample has been analyzed at Premier Instruments and Controls Ltd Testing Laboratory, by using the  vacuum  emission  spectrometer DV-4.

3.3   SELECTION OF THE MEDIUM

                 Sulfuric acid   is  used  directly  or indirectly  in nearly all industries  and is  a  vital  commodity  in our  national  economy.  The principal  uses of  H2SO4 are for production of HCl, other  chemicals and their derivatives, pickling of steel and other metals, manufacture of fertilizers, dyes, drugs, pigments, explosives, synthetic detergents, rayon and other textiles refining process and production of rubbers. The widespread use of this acid places it in an important position with regard to costs and destruction of corrosion. In some cases corrosion increases with concentration of the acid and in others it decreases.  For these reasons it is important to have a good picture of corrosion by sulfuric acid. Therefore the present experiment was carried out by using 0.5M H2SO4  of  commercial grade.

3.4   SYNTHESIS OF THE INHIBITOR 4 - HYDROXY  COUMARIN

Microwave assisted synthesis of 4 – hydroxy  coumarin :

                  Condensation of phenol  with  malonic acid  using anhydrous Zn Cl2  /  POCl3  under microwave irradiation  gave 4 – hydroxy coumarin .
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                 The reaction was carried out in a domestic micro-wave oven BPL                                                                       model  840 T (Plate 1) . A mixture of distilled phenol ( 0.94g . 0.01 mol) malonic acid ( 1.04g, 0.01 mol), fused  zinc chloride (3.7 g)  and  a  few  drops  of   POCl3   was  micro-waved  for  30 seconds at 

450 watts. The microwave irradiation was stopped and the reaction mixture was stirred well and cooled. The application of microwave irradiation pulses and cooling was repeated 4 times.

                 Purity of the product was tested with TLC with silica gel as adsorbent. A mixture of  benzene and ethyl acetate ( 8 : 2 ) was used as a developing solvent   Spots were detected by exposing to ultra-violet light and by staining with Iodine vapour.

                 After monitoring TLC, the reaction mixture was mascerated  with crushed ice, and refrigerated overnight. Ether extraction of the product was done to remove the un-reacted  phenol. 10% of Na2CO3  was added to the    aqueous  layer  and  acidified  to get 

4 – hydroxy  coumarin.  The product  was  re-crystallized  from dilute alcohol to get pure  

4 – hydroxy coumarin ( 80% yield). Melting point was determined   in   open  capillary  on  melting – point  apparatus   and  was  uncorrected ( 2100 C) .

3.5   SYNERGISTIC ACTION OF ANIONS

                 The synergistic effect of iodide ions on the synthesized organic inhibitor was carried out by adding 1× 10-3M KI solution to the inhibitor solutions of different concentrations.

3.6   EVALUTION OF INHIBITOR EFFICIENCY

The inhibitor efficiency of 4-hydroxy coumarin as acid corrosion inhibitor for mild steel in 0.5M H2SO4 was  tested by adopting  the following   methods.

1) Weight loss method

2) Polarization technique

3.6.1  Weight loss method

                 Mild steel specimens were accurately weighed and fully immersed in 100ml of 0.5M H2SO4 for different concentrations of the inhibitor and at different time intervals .Test specimens were removed after the correct intervals of time and dipped in sodium bicarbonate solution for neutralization of remaining acid in the specimen. Then washed with distilled water, dried and reweighed. The loss in weight was determined in triplicate and the results were  averaged.

                Different concentrations of the inhibitor different time intervals and temperatures selected for the study are given below.

Inhibitor concentrations 

0.001M , 0.003M ,  0.005M ,  0.007M ,  0.008M ,  and   0.01M  in 0.5M H2SO4 solution .

Time intervals      1hr , 3hrs , 6hrs , and 12hrs.

Temperatures     303 K  (  2,  313 K  (  2,   323 K  (  2,   333 K  (  2,   343 K  (  2

3.6.1.1  Determination of corrosion rate

                 Many expressions are available to express the corrosion rate . The widely used one is miles per year . The rate of corrosion was calculated by using the formula

CR (mpy )   =  
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Where     W is the weight loss in mg

                 D is the density of the specimen in gm/cm2

                 A is the area of the specimen in inch2

                 T is the exposure time in hours.

3.6.1.2  Determination of percentage of inhibition efficiency

The inhibitor efficiency was obtained from the following formula

I.E = 
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Where      I.E     =    Inhibitor Efficiency in %

                W0     =    Corrosion rate without inhibitor

                W      =    Corrosion rate with inhibitor

3.6.1.3  Surface coverage

                 The degree of surface coverage (( ) for different concentrations of the inhibitor have been evaluated by using the following equation.

(     =    
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Where      (       =     Surface coverage

                W0      =      Corrosion rate without inhibitor

                W      =      Corrosion rate with inhibitor

3.6.1.4  Determination of thermodynamic parameters

                 The activation energy, enthalpy and entropy of the metal dissolution were calculated by using

a).  Arrhenius Equation

b).  Eyring equation

3.6.1.5  Adsorption isotherms

                 The degrees of surface coverage ( ( ) corresponding to different concentrations of 4 – hydroxy  coumarin and at different temperatures have been extracted to deduce the best isotherm. The following isotherms were tested for their fit into the experimental data.

· Frumkin  isrotherm

· Temkin   isotherm

· Langmuir  isotherm

· Freundlich   isotherm

· Flory – Huggins  isotherm

· Bokris – Swinkels   isotherm

· El – Awady  kinetic thermodynamic model

3.6.2   Polarisation  technique 

                 A frequency response analyzer 1284 (solartron) and an IBM personal computer which automatically controls linear polarization and Tafel polarization was used for the polarization study. The data were analysed using computer software.

               The cell  for the polarization studies was a glass beaker 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.

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

Procedure

               100 ml of 0.5 M H2SO4 was taken in an electrochemical cell. The polished electrode is then introduced. The electrode was placed at  -1mv cathodic to its open circuit potential. Thus the potential was scanned at -0.1 mv/sec towards the anodic direction in Tafel extrapolation. Applied potential Vs current was plotted and on extrapolation of linear portion to the corrosion potential gives the corrosion current.

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

3.6.2.1 Determination of inhibition efficiency 

           (a)  Tafel  method
            IE = 
[image: image14.wmf]Icorr

Icorr

Icorr

)

1

(

-

 × 100

            Where    Icorr    is  corrosion current without inhibitor

                          Icorr(1)     is  corrosion  current  with  inhibitor

(b)  LPR ( Linear Polarization Resistance ) method 

IE =   
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            Where   Rp(inh)  is the polarization resistance in the presence of inhibitor

                         Rp(blank) is the polarization resistance in the absence of inhibitor

.

4.  RESULTS  AND  DISCUSSIONS

               The protection performance of the synthesized  organic inhibitor 4 – hydroxy coumarin on mild steel in H2SO4 medium was evaluated through various corrosion parameters obtained from the results of the present investigation. 

4.1   ELEMENTAL  ANALYSIS

                 The chemical composition of the mild steel used in the present study is given in table 1. From the table it is evident that the mild steel sample experimented suited well for the corrosion studies with low contents ( 0.049 % ) of carbon and  chromium ( 0.050 % ).

4.2 FACTORS AFFECTING THE PROTECTION EFFICIENCY OF 4 – HYDROXY COUMARIN ON MILD STEEL – GRAVIMETRIC METHOD

 4.2.1   Effect of concentration and time of immersion

                  Table – 2 gives the values of the  inhibition efficiency calculated from the weight loss measurements for different concentrations of 4 – hydroxy  coumarin ranging from  0.001 to 0.01 M in  0.5 M  H2SO4  at different immersion time (1 Hour , 3 Hours, 6 Hours and 12 Hours ) at room temperature. The corrosion rate decreases (from 1678 to 270) with increasing inhibitor concentration irrespective of the time of immersion. This is due to the adsorption of the inhibitor on metal surface. The inhibition  is  estimated  to be  superior  i.e   82  %  at  a  concentration  of   0.01 M  of

 4 – hydroxy coumarin. Figure – 1 shows the variation of corrosion rate as a function of inhibitor  concentration.

                 Figure – 2 depicts the effect of immersion time of the mild steel specimen in the aggressive medium on the percentage efficiency of the organic inhibitor. It is well evident from Table – 2,   that  4 – hydroxy  coumarin  is found to have maximum protective efficiency at the time interval of 3 Hours almost at all concentrations.

4.2.2  Effect  of  temperature

                 The  effect  of  temperature on the inhibitory action of the coumarin derivative was determined  by weight loss method  at  various concentrations  of 4– hydroxy       coumarin  ( 0.001, 0.003, 0.007 and 0.01 M )  at  different  temperatures  ( 303 K, 313 K,  323 K, 333 K and 343 K ) for a fixed immersion time of one hour.The tabulated data   (Table – 3) reveals that the corrosion rate increases tremendously with increase in temperature both in the presence and absence of the inhibitor. Inspite of the increase in corrosion rate the inhibitor efficiency increases at 313K and after that there is a declining effect on the protective efficiency of the inhibitor. This may be due to the desorption of the adsorbed inhibitor molecules at higher temperatures, thus exposing fresh metal surface to the corrodant. 

4.2.2.1  Activation parameters

             The corrosion reaction can be regarded as an Arrhenius type process, the rate of which is given by 

                      C.R     =     A exp (-Ea/RT)                                          -------  1

Where C.R is the corrosion rate

            Ea is the apparent activation energy

             A is the Arrhenius pre-exponential constant

Plotting the natural logarithm of C.R against 1/T (Figure-3), Ea values were calculated. 

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

C.R = 
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Where    h   is  the  Plank’s  constant

              NA  is  the  Avogadro number

              ∆ H0  is  the enthalpy of activation   and

              ∆ S0  is  the entropy  of activation.

The  plots  of   Log (C.R / T )  against   1 / T   also  gave  straight  lines  ( Figure - 4)

The   slope    of   these    lines   equal   to    -  ∆ H0   /  2.303 R   and   the intercept  is 

Log  R / NAh  + ∆ S0 /  2.303 R  from which ∆ H 0 and ∆ S0 were calculated. The activation parameters have been tabulated in Table – 4.  The Ea and ∆ H 0 of the inhibition process of mild steel in 0.5 M H2SO4 in the presence of studied organic inhibitor are nearly same ( 45 ± 6 KJ mole -1 and  43 ± 8 KJ mole -1  respectively) as those in free 0.5 M H2SO4  solution indicating that no energy barrier is attained. Also the data clearly reveals that 4 – hydroxy coumarin inhibits the corrosion reaction without changing the mechanism. The negative value of ∆ S0 indicates the decrease in disorder on going from reactants to the activated complex. 

4.3  POTENTIODYNAMIC  POLARISATION  STUDIES

          The Tafel polarization results at different concentrations of 4-hydroxy coumarin  and its combination with KI are presenter (Table – 5) and the corresponding Tafel plots in (Figure - ). It is observed that the presence of the inhibitor lowest the Icorr values. This suggests that the adsorption of the inhibitor molecules on the metal surface reduces the uncovered surface area for the anodic as well as cathodic reactions. This is also seem from the increase in the Rp values. The fact that there is no significant change  in the E
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 values suggest that 4 – hydroxy coumarin function as a mixed type of inhibitor. The change in the ‘bc’ values is not significant compare to ‘ba’. This shows that though the inhibition is under mixed control the effect of 4 – hydroxy coumarin on the anodic polarization is more pronounced than on the cathodic polarization. In all the concentrations ‘ba’ is greater than ‘bc’  suggesting the corrosion reaction  to be under anodic control. The I
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 values significantly reduced when the inhibitor has acted in combination with iodide ions thus establishing synergism. 
4.3.1. Comparison of inhibitor efficiency 

Weight loss Vs polarization technique 

               Though the same trend of increase of inhibitor efficiency  percentage with increase in concentration of 4 – hydroxy coumarin is observed in the polarization technique as in the weight loss method, The values are comparatively lesser. This may be advocated to the attainment of equilibrium  in the weight loss method since the specimens were exposed in the medium for a longer time.

4.4   INFLUENCE OF IODIDE ION ON THE INHIBITING POWER OF 4 – HYDROXY COUMARIN ON MILD STEEL – SYNERGISM

                 A noteworthy feature  of the investigation is that 4 - hydroxy coumarin gave better performance in the  presence of iodide ion. Table – 6 summarizes the inhibiting efficiency of the organic inhibitor on the addition of 10-3 M KI.  The inhibiting property of 4 - hydroxy coumarin  has almost increased to more than 90 % at its maximum concentration of 0.01 M.  Table – 6 also reveals the values of synergism parameter  S, calculated by the relation :

                                    S = 
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              Where

                               I 1+2      = ( I1 + I2 ) – ( I1 – I2 )  in which

                               I 1   is the inhibiting efficiency of the iodide anion

                               I2    is that of inhibitor

                                                I'1+2  is the measured inhibition of the organic inhibitor in 

                                        combination  with iodide ion.

The S values obtained by the weight loss method are   more than unity suggesting that synergism  phenomenon is operative in 4 – hydroxy coumarin and KI mixture.   According to synergistic mechanism the enhanced inhibition is due to the simultaneous   adsorption of both 4 – hydroxy   coumarin and iodide ion on the surface of the mild steel.

4.5 ADSORPTION  ISOTHERM  ANALYSES 

                 Seven different isotherms, viz., Langmuir, Frumkin, Temkin, Freundlich, Flory-huggins, El Awady et al and Bockris – Swinkels were tested for their fit to the experimental data.

                 The plot of variation of protection efficiency ( % ) with the logarithmic concentration of 4 – hydroxy  coumarin  at different temperatures for one hour study (Figure – 7) have the characteristic sigmoidal shape indicative of Frumkin type adsorption mechanism for the inhibition process.

4.5.1  Langmuir  adsorption isotherm

                 Langmuir adsorption isotherm have been conveniently used to study inhibitor characters. Assuming that the percentage area covered by the inhibitor is directly related to the retardation in C.R, the compound should obey the Langmuir adsorption isotherm in which   log ( ( / 1-( ) is a linear function of   log C according to the equation

                 log C =  log  (( / 1-( ) – log K                                     ------------  4

where  C is the bulk concentration of the inhibitor and

            K  is the adsorption equilibrium constant.

            K =  
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 exp ( -  ∆Ga0 / RT )                                       -------------  5

The data obtained give a straight line with the regression coefficient ( 0.96 to 0.995) at all temperatures. Figure – 8 illustrates  the Langmuir plot for the coumarin derivative at various temperatures. It is observed that although these plots ate linear, the gradients are never unity, contrary to what   is expected for ideal Langmuir adsorption isotherm equation. During the derivation of Langmuir equation it is assumed that there are no inter molecular interactions between the adsorbate molecules. But in practice organic molecules having polar atoms or groups which are adsorbed on the metal surface may interact by mutual repulsion or attraction and this may be advocated as the reason for the departure of the slope values from unity. The corresponding data arte summarized  in Table – 7 . The low negative values of the ∆Ga indicates the spontaneity of physical adsorption of 4 – hydroxyl coumarin on the metal surface. 

4.5.2  Flory – Huggins and El Awady  et al isotherms

Flory-Huggins adsorption isotherm and the El Awady et al kinetic thermodynamic model fit the experimental data well ( regression coefficient > 0.9). The adsorption isotherm relationship of Flory-Huggins and El Awady et al are represented by equations 6 and 7.

Flory-Huggins equation
      log  ( / C  = log xK + x log (1-( )                               ----------   6

El Awady et al equation 

      log [( / (1 - ( )] = log K' + y log C                             -----------   7    

Where  ( is the degree of coverage

             x is the number of active sites occupied by one inhibitor molecule or the number of water molecules replaced by one molecule of the adsorbate.  

             Values of  ‘x’  greater than one implies the formation of the multi layers of the inhibitors on metal surface. Values of ‘x’ less than one, however mean that a given inhibitor molecule will occupy more than one active site.  In equation  7 , 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 ( K = K' (1/y) and C is the inhibitor concentration in the bulk of the solution.

                 The binding constant of adsorption ‘K’ is related to the standard free energy of the adsorption ∆G0 ads by the relation 

                K = 
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where  R is the universal gas constant.

            T is the absolute temperature.

                 Application of the Flory – Huggins and El Awady model are illustrated in figure-9 (a-e), 10 (a – e ) respectively. The calculated values of the binding constant k, free energy change ∆G0 ads and number of active sites occupied by one inhibitor molecule are given in the Table – 8. The number of active sites ‘x’ is approximately constant and equal to one under all condition studied. This means that the inhibitor molecules adsorb displacing one water molecule. The reasonable agreement between the values of ∆G0 and the binding constant k obtained by both the models explicitly shows the applicability of Flory-Huggins and kinetic thermo dynamic model to the adsorption of the inhibitor on mild steel. The negative values of ∆G0ads     reveals the spontaneity of the adsorption process and since the values of  ∆G0ads are low, it is understandable that the nature of the inhibitor adsorption is mainly by electrostatic interaction between the double layer and the adsorbing molecules.

4.5.3 Bockris – Swinkels isotherm  

                 The adsorption of organic adsorbate at a metal – solution interface is regarded 

      as a   substitutional adsorption process between the organic molecules in the aqueous

      solutions and  the  water  molecules  adsorbed   on  the  electrode surface, H2O (ads);   

            Org ( sol)  + nH2O (ads)        (        Org(ads) + nH2O

Where ‘n’ is the size ratio representing the number of water molecules replaced by one molecule of the organic adsorbate. An attempt to fit the surface coverage values to Bockris – Swinkels isotherm was also performed. This isotherm is given by
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 exp ( - ∆G0ads / RT)                  -------   8

 Corg  is the concentration of the inhibitor in the bulk solution.

∆G0ads is the free energy of adsorption.

                 According to this isotherm  a plot of the logarithm of the left hand side of equation 8 against logarithm of C org  should give a straight line with slope of unity. Straight lines were obtained  with  slopes  of  ( 1.0 ± 0.25 ) only when using the value of n = 1. This means that one molecule of 4 – hydroxy  coumarin  adsorbed on the iron surface substitutes one water molecule. This result was in conformation with those obtained from Flory-Huggins and El Awady isotherms. 

                 Infact, when n= 1 the Bockris- Swinkels isotherm reduces to the Langmuir model. Also when ‘x’ the size ratio in Flory – Huggins equation and ‘y’in the chemical thermodynamic model are unity, the equations loose their identities and become equal to the Langmuir model.

The adsorption isotherms are generally of the following form

                                          f ((,x) exp (-a()  =  KC                                       --------   9 

                            Where f ((,x)  is  the  configuration  factor  that  depends  entirely  on the  physical model and assumptions underlying the derivation of the isotherms. All

expressions for adsorption isotherms include the equilibrium constant of the adsorption process K, which is related to the free energy of adsorption  ∆G0 ads  by

                                         K = 
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 exp ( -  ∆G0 ads / RT )

  Attempts were made to fit ( values  to Temkin and Freundlich isotherms but in vain. 
  4.6  STATISTICAL ANALYSIS OF THE BEST FIT ISOTHERM

         MODELS

                 Table -9 is a comparison of the regression coefficients obtained for the fitness   of the data to various isotherm models.

             From this finding  it  can be deduced that 4 – hydroxy  coumarin is adsorbed on mild steel obeying the popular isotherms. Four types of adsorption may take place involving the organic molecule  at the metal solution interface. 

1) Electrostatic attraction between charged  molecule and the charged metal.

2) Interaction of unshared electron pairs in the molecule with the metal.

3) Interaction of ( electrons with the metal and 

4) A combination of the above.

4.7  PROBABLE MECHANISM OF INHIBITIVE ACTION OF    

4-HYDROXY COUMARIN ON MILD STEEL IN H2SO4 MEDIUM

           Corrosion inhibition by organic compounds can be attributed to the strong adsorption of the compound on the metal surface owing to the electron transfer from the organic molecule to the metal surface to form a coordinate type of link The organic inhibitor namely 4 – hydroxy  coumarin molecule
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contains  a benzene ring and a lactone ring. Both the ethylenic bond  and the carbonyl group activate the free electrons on the ring oxygen atom. Further the  hydroxyl group at the fourth position,  due to its +M effect, shifts the electron flow towards the lactone ring. The activated free electrons form a strong bond with the metal surface. This process is facilitated  by the presence of the vacant ‘d’ orbitals in iron. Interaction between the ( electrons of the benzene ring and the metal surface also favours the adsorption of the compound on the metal surface. The formation of positively charged  protonated   species of the inhibitor in acidic solution likewise facilitates the adsorption of  the   compound  on the   metal  surface   through  electrostatic  interaction   between 4 – hydroxy  coumarin and the metal surface. This can be shown as follows :
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             The complex can cause the blocking of the micro anodes and the micro cathodes that are generated  on  the  metal  surfaces when in contact with the corrodent

And hence can retard the metal dissolution.

              According   to the   literature  (Atia   et al, 2003)  when  an  inhibited  solution contain  adsorbable  anions,  such  as  halide  ions  (I-  ions  in the  present study), these adsorb on the  metal  surface  creating  oriented dipoles. Consequently, this result is an increase  in  the adsorption  capability  of  the inhibitor cations, 4 – hydroxy coumarin+    on the dipoles. This is  true  since  in  the  present  study  a  positive  synergistic  effect arised.

4.8 ESTABLISHMENT OF CORROSION INHIBITION BY 4 – HYDROXY COUMARIN THROUGH SURFACE ANALYSIS     

                 The polished specimen  and  the  test specimens (which were immersed in 0.5M H2SO4 , 0.01M 4 - hydroxy coumarin and the same concentration of the inhibitor solution with KI) after exposed to the corrodant for 3hrs  were observed  under  a  metallurgical microscope and  photomicrograph.  

                   Photograph – 1 shows the polished mild steel surface before exposure to the corrosive solution, which is associated with polishing scratches. It is clear from the photograph – 2 that surface of the mild steel was heavily corroded in sulfuric acid medium, whereas in presence of inhibitor solution the surface condition was comparatively better (photograph – 3) suggesting thereby the presence of a protective adsorbed layer of the inhibitor on mild steel surface which impedes corrosion rate of metal appreciably. Photograph – 4 seems to have a smoother surface than 3 thus showing the beneficial action of iodide ion on the protective efficiency of 4 – hydroxy coumarin through synergism.

5. SUMMARY AND CONCLUSION

The results of the corrosion inhibition studies of mild steal by the synthesized 4 – hydroxy coumarin in 0.5M  Sulphuric acid can be summarized as below

· 4 – hydroxy coumarin acts as a potent inhibitor to mild steal in H2 SO4.

· The protection efficiency of the inhibitor depends on  its concentration, immersion time and  temperature.

· The addition of iodide ions has a benefitial effect on the inhibitive power of 4- hydroxy coumarin .

· Polarization studies give the results in the same trend as the weight loss method .

· The surface analysis study confirms the corrosion of mild steel and its inhibition by 4 – hydroxy coumarin .

· The corrosion inhibition  by 4 – hydroxy coumarin is mainly by adsorption replacing water molecules.

· Adsorption  isotherm models-Frumkin, Langmuir, Flory-Huggins,Bockris-Swenkels and El Awady et al isotherm model fit well as evident from the correlation coefficient values (r ( 1 in all cases). This is proves the                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           applicability of all the models to the process 

· 4-hydroxy coumarin can be adsorbed on the metal surface by electron transfer from the lactone oxygen and / or through the charged cation on the charged surface

 Suggestion   
The same study can be extended by changing the aggressive medium 

A similar type of coumarin derivatives can be synthesized and used as inhibitors. This may help us to arrive at a comparative study

Table – 1

                  CHEMICAL COMPOSITION OF MILD STEEL

	     S.No
	Element
	% 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
	0.050

	      7
	Molybdenum
	0.019

	      8
	Nickel
	0.019

	      9
	Iron
	99.452
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