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Corrosion is the destructive attack of a material by reaction with its environment. The serious consequences of the corrosion process have become a problem of worldwide significance. In addition to our everyday encounters with this form of degradation, corrosion causes plant shutdowns, waste of valuable resources, loss or contamination of product, reduction in efficiency, costly maintenance, and expensive over-design. It can also jeopardize safety and inhibit technological progress Rust, the most familiar example of corrosion. Gold nuggets do not naturally corrode, even on a geological time scale.

. 

Corrosion a brief glimpse

Ulick R. Evans, the British scientist who is considered the "Father of Corrosion Science", has said that "Corrosion is largely an electrochemical phenomenon, which may be defined as destruction of materials by electrochemical or chemical agencies...".Corrosion in an aqueous environment and in an atmospheric environment (which also involves thin aqueous layers) is an electrochemical process because corrosion involves the transfer of electrons between a metal surface and an aqueous electrolyte solution. It results from the overwhelming tendency of metals to react electrochemically with oxygen, water, and other substances in the aqueous environment. Fortunately, most useful metals react with the environment to form more or less protective films of corrosion reaction products that prevent the metals from going into solution as ions. Electrochemical corrosion occurring under such conditions is a major destructive process that results in such costly, unsightly, and destructive effects as the formation of rust and other corrosion products, the creation of the gaping holes or cracks in aircraft, automobiles, boats, gutters, screens, plumbing, and many other items constructed of every metal except gold. 

Corrosion threats & Consequences of corrosion


Corrosion has many serious economic, health, safety, technological, and cultural consequences to our society. 

· Economic impact

The US Federal Highway Administration released a study, entitled Corrosion Costs and Preventive Strategies in the United States, in 2002 on the direct costs associated with metallic corrosion in nearly every U.S. industry sector. The study showed that for 1998 the total annual estimated direct cost of corrosion in the U.S. was approximately $276 billion (approximately 3.1% of the US gross domestic product)..Jones writes that electrochemical corrosion causes between $8 billion and $128 billion in economic damage per year in the United States alone, degrading structures, machines, and containers.

· Health effects

Recent years have seen an increasing use of metal prosthetic devices in the body, such as pins, plates, hip joints, pacemakers, and other implants. New alloys and better techniques of implantation have been developed, but corrosion continues to create problems. Examples include failures through broken connections in pacemakers, inflammation caused by corrosion products in the tissue around implants, and fracture of weight-bearing prosthetic devices. 

· Cultural effects


International concern was aroused by the disclosure of the serious deterioration of the artistically and culturally significant gilded bronze statues in Venice,Italy. Corrosive processes will accelerate the deterioration of precious artifacts such as those in Venice by the highly polluted environments that now are prevalent in most of the countries of the world. Likewise, inside the world's museums conservators and restorers labor to protect cultural treasures against the ravages of corrosion or to remove its traces from artistically or culturally important artifacts. 
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Cost of corrosion

· Safety effects

An even more significant problem is corrosion of structures, which can result in severe injuries or even loss of life. Safety is compromised by corrosion contributing to failures of bridges, aircraft, automobiles, gas pipelines etc. – the whole complex of metal structures and devices that make up the modern world. 

· Technological effects

The economic consequences of corrosion affect technology. A great deal of the development of new technology is held back by corrosion problems because materials are required to withstand, in many cases simultaneously, higher temperatures, higher pressures, and more highly corrosive environments. Corrosion problems that are less difficult to solve affect solar energy systems, which require alloys to withstand hot circulating heat transfer fluids for long periods of time, and geothermal systems, which require materials to withstand highly concentrated solutions of corrosive salts at high temperatures and pressures. Another example, the drilling for oil in the sea and on land, involves overcoming such corrosion problems as sulfide stress corrosion, microbiological corrosion, and the vast array of difficulties involved in working in the highly corrosive marine environment. 
In many of these instances, corrosion is a limiting factor preventing the development of economically or even technologically workable systems. 

Corrosion impacts on various industries

	Industry
	Consequence
	Remedial measures

	Process
	Plant and equipment breakdown
	Select materials that corrode slowly at a known rate and to make an allowance for this in specifying the material thickness.

	Automobiles especially car corrosion
	Cost-$23.4 billion Unsightly, jeopardized safety, fuel leakages. etc.,
	Using corrosion-resistant materials, employing better manufacturing processes, and designing corrosion-resistant vehicles

	Petroleum refineries
	$3.692 billion Release of pollutants
	Significant maintenance, regular inspection, repair and replacement.

	Pipeline industries
	Cost   $5.4- $8.6 billion Pipeline failures of both liquid and natural gas
	Regular inspection with the motto of ‘find it and fix it’

	Highway Bridges
	Cost/annum:$5.2 billions Danger of collapse
	Significant maintenance, repair, rehabilitation, and replacement

	Aircraft


	Cost : $2.2 billion Crevice corrosion damage in the lap joints of aircraft skins has become a major safety concern, particularly after the Aloha airlines incident
	Treating the corrosion with corrosion prevention compounds (Caps)


Corrosivity Map of India
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The factors influencing corrosion are mainly the nature of the environment and nature of the metal. This map describes the corrosion patterns in India showing macroscopic differences between areas, with coastal regions being the most severe (CECRI ,1970).

Cost of corrosion 


Cost of corrosion studies have been undertaken by several countries including, the United States, the United Kingdom, Japan, Australia, Kuwait, Germany, Finland, Sweden, India, and China. The common finding of these studies was that the annual corrosion costs ranged from approximately 1 to 5 percent of the Gross National Product (GNP) of each nation.

This cost was determined by analyzing 26 industrial sectors, in which corrosion is known to exist, and extrapolating the results for a nationwide estimate. The sectors were divided among five major categories.( www.Corrosiondoctors.com)
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Direct Costs

·  Infrastructure $22.6 billion
·  Utilities $47.9 billion
·  Transportation $29.7 billion
·  Production and Manufacturing $17.6 billion
·  Government $20.1 billion
·  Total: $137.9 BILLION
 
The indirect cost of corrosion was conservatively estimated to be equal to the direct cost Evidence of the large indirect corrosion costs are lost time, and thus lost productivity because of outages, delays, failures, and litigation.
ndirect Costs
·  Cost of labor attributed to corrosion management activities
·  Cost of the equipment required because of corrosion-related activities
·  Loss of revenue due to disruption in supply of product
·  Cost of loss of reliability
·  Grand Total: $275.5 BILLION
 
It was found that the sectors of drinking water and sewer systems 
($36 billion), motor vehicles ($23.4 billion), and defense ($20 billion) have the largest direct corrosion impact. Within the total cost of corrosion, a total of 
$121 billion per year is spent on corrosion control methods and services. However, better corrosion management can be achieved using preventive strategies in 
non-technical and technical areas. These preventive strategies include:

1. Increase awareness of large corrosion costs and potential savings
2. Change the misconception that nothing can be done about corrosion
3. Change policies, regulations, standards, and management practices to increase corrosion savings through sound corrosion management
4. Improve education and training of staff in recognition of corrosion control
5. Advance design practices for better corrosion management
6. Advance life prediction and performance assessment methods
7. Advance corrosion technology through research, development, and implementation.
Electrochemistry of corrosion 


The metallic surface exposed to an aqueous electrolyte usually possesses sites for an oxidation (or anodic chemical reaction) that produces electrons in the metal, and a reduction (or cathodic reaction) that consumes the electrons produced by the anodic reaction. These "sites" together make up a "corrosion cell". The anodic reaction is the dissolution of the metal to form either soluble ionic products or an insoluble compound of the metal, usually an oxide. Several cathodic reactions are possible depending on what reducible species are present in the solution. Typical reactions are the reduction of dissolved oxygen gas, or the reduction of the solvent (water) to produce hydrogen gas Because these anodic and cathodic reactions occur simultaneously on a metal surface, they create an electrochemical cell of the type shown in Figure .

	




	Fig. 1. The electrochemical cell set up between anodic and cathodic sites on an iron surface undergoing corrosion. 


 
The sites where the anodic and cathodic reactions take place, the anodes and the cathodes of the corrosion cell, are determined by many factors: 

(i) They are not necessarily fixed in one location; 

(ii) They can be adjacent or widely separated, for example, if two metals are in contact, one metal can be the anode and the other the cathode, leading to galvanic corrosion of the more anodic metal;

(iii) There can exist variations over the surface of oxygen concentration in the environment that result in the establishment of an anode at those sites exposed to the environment containing the lower oxygen content cathode– differential aeration corrosion; 

(iv) Similarly, variations in the concentration of metal ions or other species in the environment, arising because of the spatial orientation of the corroding metal and gravity; or finally, 

(v) Variations in the homogeneity of the metal surface, due to the presence of inclusions, different phases, grain boundaries, disturbed metal and other causes, can lead to the establishment of anodic and cathodic sites. 


The process occurring at the anodic sites is the dissolution of metal as metallic ions in the electrolyte or the conversion of these ions to insoluble corrosion products such as rust. This is the destructive process called corrosion. The flow of electrons between the corroding anodes and the non-corroding cathodes forms the corrosion current, the value of which is determined by the rate of production of electrons by the anodic reaction and their consumption by the cathodic reaction. The rates of electron production and consumption, of course, must be equal or a buildup of charge would occur.
Corrosion reactions
 
Some examples of the anodic and cathodic reactions that occur simultaneously on a metal surface in a "corrosion cell" are as follows. 

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

[1] [image: image6.jpg]


Fe ==> Fe2+ + 2e- 

Examples of cathodic reductions involved in corrosion process are: 

[2] [image: image7.jpg]


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

[3] [image: image8.jpg]


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

[4] [image: image9.jpg]


2H+ + 2e- ==> H2 

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

[5] [image: image10.jpg]


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

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

[6] [image: image11.jpg]


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

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

[image: image40.jpg]


[7] [image: image12.jpg]


2Fe + O2 + 2H2O ==> 2Fe(OH)2 

Forms of Corrosion 
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A driving force is necessary for electrons to flow between the anodes and the cathodes. This driving force is the difference in potential between the anodic and cathodic sites. This difference exists because each oxidation or reduction reaction has associated with it a potential determined by the tendency for the reaction to take place spontaneously. The potential is a measure of this tendency. 

Corrosion prevention


Corrosion control and public safety go hand-in-hand. For example, corrosion is one of the leading causes of pipeline accidents in the world. When a pipeline fails, the results can be devastating in terms of loss of life, property damage, and contamination of the environment. To prevent such disasters, oil and gas companies and other pipeline operators have been using corrosion control as one of their strongest weapons in the battle against failures. Attention to corrosion in the , material selection, construction, operation, and maintenance of infrastructure facilities will save billions of dollars in repair, maintenance, and replacement costs. Controlling corrosion in the infrastructure can prevent premature failure and lengthen useful service life, both of which save money and natural resources, promote public safety, and protect the environment.


The types of electrochemical corrosion just described can be prevented or controlled by utilizing the current understanding of the principles underlying corrosion processes. This understanding has been the basis for the development of a number of corrosion prevention measures. 

	Methods of Corrosion Prevention

	Change of Materials
	complete or partial change of materials used

	Change of Environment
	either a complete change in environment or a partial alteration by modification of pH etc

	Barrier Films
	either organic coatings or electroplating etc.

	Electrochemical Techniques
	sacrificial coatings, cathodic or anodic protection etc.

	Design
	allowances for general corrosion and control of factors such as temperature, velocity etc.


 
Three corrosion control measures are based on electrochemical driving force as shown in the Pourbaix diagram given in Figure : 

(i) Cathodic protection – proposed to the British Admiralty for corrosion protection of copper-sheathed ships by Sir Humphry Davy in 1824 – provides corrosion control by making the structure to be protected the cathode of a corrosion cell by bringing the potential of the structure into or near the immunity region of the Pourbaix diagram;

(ii) Anodic protection makes the structure to be protected an anode and an applied current brings the structure's potential into the passivity region of the Pourbaix diagram; and

(iii) Environment modification by changing the pH to bring the structure to be protected into either the immunity or passivation regions. 

	                    




	Fig. 1.1. Pourbaix diagram for iron showing how corrosion protection can be achieved by using measures that bring a corroding system into either the immunity or the passivity region.


Other measures used to control electrochemical corrosion processes are the following: 

(i) Corrosion resistant alloys are developed to be corrosion resistant and contain constituents such as chromium, which produce more effective protective films that resist breakdown and repassivate rapidly.

(ii) Coatings are an artificial barrier to the corrosive environment on a metal surface as contrasted to the naturally formed barrier that a corrosion resistant alloy provides. The most widely used organic coatings are paints. Other organic coatings include lacquers, waxes, and greases. Some metallic coatings such as chrome plate provide a protective barrier because they are more corrosion resistant than the metals they protect. Zinc coatings, however, act in the opposite manner. This coating, because it has a greater tendency to corrode than the metal to which it is applied, cathodically protects it. Finally, ceramic coatings such as porcelain enamels and glasses are used to protect metal surfaces by providing chemically resistant barriers, usually oxides, which are more stable than metals. 

(iii) Corrosion inhibitors are added to the environment in which a given metal must be used to make the environment less corrosive. The inhibitors act either by adsorbing on metal surfaces by providing barriers to the environment or by keeping the environment from becoming more corrosive by providing a buffering action.

Surface treatments                             

Applied coatings

[image: image44.jpg]



Plating, painting, and the application of enamel are the most common anti-corrosion treatments. They work by providing a barrier of corrosion-resistant material between the damaging environment and the (often cheaper, tougher, and/or easier-to-process) structural material. Aside from cosmetic and manufacturing issues, there are tradeoffs in mechanical flexibility versus resistance to abrasion and high temperature. Platings usually fail only in small sections, and if the plating is more noble than the substrate (for example, chromium on steel), a galvanic couple will cause any exposed area to corrode much more rapidly than an unplated surface would. For this reason, it is often wise to plate with a more active metal such as zinc or cadmium.

Reactive coatings





If the environment is controlled (especially in recirculating systems), corrosion inhibitors can often be added to it. These form an electrically insulating and/or chemically impermeable coating on exposed metal surfaces, to suppress electrochemical reactions. Such methods obviously make the system less sensitive to scratches or defects in the coating, since extra inhibitors can be made available wherever metal becomes exposed. Chemicals that inhibit corrosion include some of the salts in hard water (Roman water systems are famous for their mineral deposits), chromates, phosphates, and a wide range of specially-designed chemicals that resemble surfactants (i.e. long-chain organic molecules with ionic end groups).

Anodization

Aluminium alloys often undergo a surface treatment. Electrochemical conditions in the bath are carefully adjusted so that uniform pores several nanometers wide appear in the metal's oxide film. These pores allow the oxide to grow much thicker than passivating conditions would allow. At the end of the treatment, the pores are allowed to seal, forming a harder-than-usual surface layer. If this coating is scratched, normal passivation processes take over to protect the damaged area.

Controlled Permeability Formwork

Controlled Permeability Formwork (CPF) is a method of preventing the corrosion of reinforcement by naturally enhancing the durability of the cover during concrete placement. CPF has been used in environments to combat the effects of Carbonation, chlorides, frost and abrasion.

Cathodic protection

Cathodic protection (CP) is a technique to control the corrosion of a metal surface by making that surface the cathode of an electrochemical cell.It is a method used to protect metal structures from corrosion. Cathodic protection systems are most commonly used to protect steel, water, and fuel pipelines and tanks; steel pier piles, ships, and offshore oil platforms.


For effective CP, the potential of the steel surface is polarized (pushed) more negative until the metal surface has a uniform potential. With a uniform potential, the driving force for the corrosion reaction is halted. For galvanic CP systems, the anode material corrodes under the influence of the steel, and eventually it must be replaced. The polarization is caused by the current flow from the anode to the cathode, driven by the difference in electrochemical potential between the anode and the cathode.For larger structures, galvanic anodes cannot economically deliver enough current to provide complete protection. Impressed Current Cathodic Protection (ICCP) systems use anodes connected to a DC power source (a cathodic protection rectifier). Anodes for ICCP systems are tubular and solid rod shapes of various specialized materials. These include high silicon cast iron, graphite, mixed metal oxide or platinum coated titanium or niobium coated rod and wires.

 Inhibitors

[image: image45.jpg]



Corrosion inhibitors are chemicals that, when present in very low concentrations, retard corrosion. World consumption of corrosion inhibitors is expected to grow to over 930 thousand metric tons during 2005-2010. The relatively low growth rates projected for corrosion inhibitors, all below GDP growth in each region, reflect the high level of maturity of most of the basic industries in the developed markets. They also reflect the replacement of steel by plastics, ceramics, and corrosion-resistant alloys in the industries. Industries have also used corrosion inhibitors more efficiently by employing better monitoring and control techniques to minimize discharges in the effluent streams and their impact on the environment. The following pie chart shows world consumption of corrosion inhibitors:


The inhibitors reduce corrosion by either acting as a barrier by forming an absorbed layer or retarding the cathodic and / or  anodic process. Based on their mode of action inhibitor are classified as

· Anodic Inhibitors

· Cathodic Inhibitors

· Mixed Inhibitors 

· Vapour phase Inhibitors

Anodic Inhibitors
 
An anodic inhibitor increases anodic polarization and displaces the corrosion potential in the negative direction. They displace the corrosion potential (Ecorr) in the positive direction and reduce corrosion current(Icorr) thereby retard anodic reaction and suppress the corrosion rate. 

Cathodic Inhibitors
A cathodic inhibitor increases the cathodic polarization and hence moves the corrosion potential in the anodic direction. Cathodic inhibitors may be divided into 
3 categories, namely

1. Those that absorb oxygen

2. Those that reduce the area of the cathode and 

3. Those that increase the hydrogen over potential of the cathodic process.

Mixed Inhibitors

 
An inhibitor which acts both as a cathodic and anodic manner is a mixed inhibitor. The potential change in these cases is small and its direction is determined by the relative degree of the cathodic and anodic effect such mixed inhibitors include the commercially available polyphosphates. 

Vapour phase Inhibitors

Vapour phase inhibitors are organic inhibitors which readily sublime and form a protective layer on the metal surface. 

Organic compounds as corrosion inhibitors


The most efficient inhibitors used in the industry are heterocyclic organic compounds having higher electron density on the hetero atoms like sulphur, nitrogen oxygen and the molecules with multiple bonds through which they are adsorbed on the metal surface ,thus assist in inhibition of corrosion especially inhibitors containing nitrogen atoms like long chain nitrogenous organic materials including amines, imines, amides and its derivatives are effective in acid corrosion for industrial applications.

Synergism


In the presence of two or more adsorbed species, lateral interaction between inhibitor molecules can significantly affect inhibitor performance. If the interaction is attractive, a synergistic effect arises, that is the degree of inhibition in the presence of both inhibitors is higher than the sum of the individual effects. For example, because of this synergistic effect, the inhibitor efficiency of a mixture of formaldehyde and furfuralimine is higher compared to the inhibitor efficiency when theses inhibitors are used separately.


Whatever be the mechanism of adsorption, the electron density of the functional groups, polarisability and electronegativity are important parameters that determine IE. So it is significant to study AMQ an organic compound which contains oxygen and nitrogen. This can act as potential inhibitor and more effectively in synergism with anions and cations. 

Amodiaquine a brief scrutiny


In the present study the solution of Amodiaquine was taken for the corrosion inhibition.
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Chemical name

: 
Phenol,4-((7-chloro-4-quinolinyl)amino)-2-





 ((diethylamino)methyl)

Abbreviation 


:
AMQ
Trade names 


:
Camoquin, Flavoquine


General note

  
:
 4-aminoquinoline compound related to 





chloroquine,

Formula 


:
C20H22Cl

 HYPERLINK "http://en.wikipedia.org/wiki/Nitrogen" \o "Nitrogen" N3O 
Mol. mass


:
355.861 g/mol

Solubility  


:
Freely soluble in H2O

Uses 



:
antimalarial and anti-inflammatory agent.

Objectives

1. To select an environmentally friendly inhibitor for corrosion of MS in 0.5M H2SO4.

2. To analyze the inhibitive effect of AMQ by weight loss measurement.

3. To explore the IE of AMQ by varying the concentration, time of immersion at room temperature and at higher temperatures. 

4. To optimize the concentration, time of immersion and temperature for the maximum IE. 

5. To calculate activation energy and thermodynamic parameters from temperature studies. 

6. To evaluate the synergistic effect of cations such as Mg2+ and Na+ along with AMQ at room temperature. 


7. To asses the inhibition efficiency of AMQ in the presence of cations and anions. 

8. To carry out the electro-chemical measurement for Mild – Steel corrosion in the presence of AMQ.

9. To evaluate the nature of inhibition from corrosion potential (Ecorr), corrosion current density (Icorr), Tafel constant (ba & bc).

10. To find out Rct  and C dl from Electrochemical measurements. 

11. To compare inhibition efficiency obtained in the presence and absence of synergistic cations and anions by electrochemical measurements and conventional weight loss measurements. 

12. To suggest suitable mechanism for inhibition. 

REVIEW OF LITERATURE


Kumkum srivastava and Poonam srivastava (1960) revealed that an inhibitor is a substance when added to acid solution, minimizes the loss of metals, reduces the extent of hydrogen embrittlement protects the metal against pitting , reduces over pickling and acid fumes resulting form excessive reaction between the acids and basic metal reduces acid consumption. Because iron is the backbone for many industrial applications and Sulphuric acid is the world’s most widely used commercial and also oxidising acid,they have been selected for the present  corrosion study. The organic compounds have been reported as effective corrosion inhibitors. The effectiveness of the inhibitors depend on  the molecular structure, chemical composition and their affinity towards metal surface. The synergistic studies have been extensively carried out for the enhancement of inhibition. Hence , Amodiaquine an organic medicinal compound containing N,OH groups have taken for the present study. The synergistic studies with some cations and anions have also been studied and the literatures relating to them are reviewed.

· Try et.al. (1992) observed that the mixed corrosion inhibitors based on readily available products of quinoline , urotropine , potassium iodide and sulfo acid of sodium salt protect steel against HCl. The most efficient protection was recorded for the mixture containing additions of KI.
· Rengamani. et.al. (1994) exposed inhibiting and accelerating effects of amino phenols on mild steel in 1M HCl & 0.5M H2SO4 using weight loss and gasometric methods. They behaved predominantly as cathodic inhibitors.

· The inhibition efficiencies of formaldehyde have been studied at different concentrations in relation to the corrosion of mild steel in 5% hydrochloric acid at 303 K and 363 K using potentiostatic gravimetric techniques and the results are compared (Jeyaperumal. et.al.,1996).
· The influence of amino benzoic acid on the corrosion and hydrogen permeation through  mild steel in HCl and 0.5 M H2SO4 has been investigated using weight loss and gasometric measurements and various electrochemical techniques. 
It was observed that the Inhibitor efficiency was greater in HCl than H2SO4. (Muralidharan et.al., 1996).

· Bouayed et.al. (1997) revealed the corrosion inhibition potential of thiophenol ,phenol and aniline. They  have been compared through gravimetric and electrochemical experiments. It has been possible to compare the strength of the bonding interaction between the inhibitors and to provide a rationalization of different efficiencies.

· Quarishi et.al. (1997) analyzed the influence of heterocyclic anils on corrosion inhibition and hydrogen permeation through Mild steel in acid chloride environments with inhibiting efficiencies as high as 98% even at low concentrations and higher temperature. Potentiodynamic studies showed that inhibition is under cathodic control.

· 3,5-bis (n-pyridyl)-4-amino -1,2,4 triazoles (n-PAT) has been synthesized and investigated for corrosion inhibition efficiency on mild steel in 1M HCl using 
various corrosion techniques like weight loss and electrochemical impedance by Mernari et.al.(1998).

· The corrosion inhibition of 304SS in 2M H2SO4 solution by 2-methyl 
benzazole derivatives was studied by weight loss and gasometry techniques. (Almayouf et.al., 1998).
· Luo et.al. (1998) reported the corrosion inhibition of mild steel in acidic solutions by alkyl amine and aniline hydrochloric salts in the presence of sodium sulphate and sodium chloride using pentiostat. Results showed that the chloride ions have a pronounced efficiency.

· Sulphamethaxazole was accounted for inhibiting effect on the mild steel in 
1M HCl using potentiodynamic and polarization experiments. The protection efficiency increased with the increasing concentration of the inhibitor but decreased with increasing temperature. (Elsherbini, 1999).
· A few nitrones such as N-benzilidene aniline-N-oxide, N-(O-hydroxy benzilidene) aniline – N – oxide and N – (a – naphthylidene) aniline N – oxide have been synthesized and investigated for evaluating their efficiency as corrosion inhibitor for mild steel in 1 M HCl. They were mixed type with maximum efficiency 98% (Hariharan et.al., 1999).

· Bentiss et.al. (1999) synthesized 3,5-bis (2-thienyl )-4 amino -1,2,4 –triazoles 
(2-TAT) and evaluated inhibiting efficiency on the corrosion of mild steel in acid baths (1M HCl and 0.5M H2SO4) by weight loss tests and electrochemical impedance spectroscopy . It was proved that the inhibitor was anodic with efficiency 99.3% in HCl and 96.4 %in H2SO4.

· The electrochemical behavior of 3-amino 4(4’ sub benzeneazo pyrazoline 
-5 ones)on mild steel using depolarography ,cyclic voltammetry and coloummetry was studied by Shankaraiah et.al. (2000).
· The effect of piperidones on the hydrogen permeation and corrosion inhibition on mild steel in 1N H2SO4 was studied  by Muralidharan et.al. (2000). Weight loss and electrochemical studies proved that the inhibitor has sound efficiency.

· The inhibition action of 3,6 bis (2-methoxy phenyl) 1,2 dihydro 1,2,4,5 tetrazine on the corrosion of mild steel in acidic medium was confirmed by Elkadi et.al (2000) using weight loss and various electrochemical techniques. 

· Fouda et.al. (2001) arrived at the inhibiting efficiencies of 2 (acetoacetamido) pyridine aryl hydrazone derivatives on the dissoloution of iron in nitric acid. 
It was measured using galvanometric polarisation, weight loss and impedance measurements and concluded it was a mixed type inhibitor.

· The influence of thiosemicarbazide and its derivatives on the corrosion rate of mild steel in 2M HCl has been studied. The protection efficiency obtained by weight loss and potentiostatic polarisation technique was found to be in good agreement with adsorption measurements. (Shafei et.al., 2001).
· A mercapto-triazole compound, namely 4-salicylideneamino-3-phenyl-5-mercapto-1,2,4-triazole (SAPMT), was synthesized and its inhibition effect on the corrosion of mild steel in 1.0 M hydrochloric acid (HCl) solution was investigated by weight loss and electrochemical techniques. Results obtained revealed that SAPMT performed excellently as a corrosion inhibitor for mild steel in HCl solution. (Hui-Long Wang et.al., 2002).
· The corrosion inhibition of mild steel in 2 M hydrochloric acid solution by tributylamine has been investigated using the impedance technique. A structural parameter, the projected molecular area of tributylamine, was calculated to elucidate inhibitor orientation in the adsorption process Bastidas et.al. (2002).
· Corrosion inhibition of mild steel by bis(4-methyl thiophenyl)-4H 1-2,4, triazole in H2SO4 solution was proved to show a better performance in the presence of iodide ions by Bentiss et.al. (2002).
· Mirghasem Hosseinin et.al. (2003) reported the inhibiting efficiency of asymmetrical schiff bases (N,N’-ortho phenylene salicylaldimine ) by weight loss, electrochemical impedance and tafel polarization measurements on mild steel in 0.5M H2SO4 with 95% inhibiting efficiency at 400 ppm.

· AC and DC study of the temperature effect on mild steel corrosion in acid medium was reported for the organic compound benzimidazole derivatives by Popova et.al. (2003) with the  impedance , polarisation resistance , measurements and gravimetric methods in which halogen ions was found to facilitate the efficiency in H2SO4.

· 4-aminoantipyrine (AAP) was tested as a corrosion inhibitor for mild steel in 2 M HCl solution using different techniques like as weight loss, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). The results showed that AAP is an inhibitor for mild steel in this medium. (Abd El-Rehim et.al., 2004).
· The influence of [image: image16.png]


-ascorbic acid (AA) on mild steel corrosion in pH=2–6 was investigated using electrochemical and weight loss techniques. Optical microscopic analysis provided the surface condition. The maximum inhibitor efficiency has been reported with 10−3 mol dm−3 AA at pH=4, (69%). In these conditions, AA acts as a mixed-type inhibitor. (Ferreira et.al. 2004).
· Rahman et.al. (2005) demonstrated corrosion inhibition capabilities of new cyclic nitrones, containing hydrophobic substituents by gravimetric and electrochemical methods, using carbon steel as the substrate metal and 1 M HCl at 60oC. All compounds exhibited excellent corrosion efficiencies that ranged between 90.0 and 98.3 percent in 1 M HCl.

· Five heterocyclic compounds, having a five atom ring, fused with the benzene ring (indole, benzimidazole, benzotriazole, benzothiazole and benzothiadiazole) were investigated as corrosion inhibitors of mild steel in 1 N HCl using impedance and polarisation resistance methods. Four of these compounds exhibit inhibition properties, while one of them, benzothiadiazole, stimulates the corrosion process. Popova et.al. (2006).
· Divakara shetty et.al.(2006) demonstrated the inhibiting effect of N-cyclohexyl –N’-phenyl thiourea (CPTU) and N-napthyl-N’-phenyl thiourea (NPTU) on the corrosion of mild steel in 0.1 N H2SO4  using potentiodynamic polarisation technique with around 92% inhibiting efficiencies.

· Jha  et.al. (2006) manifested the inhibition by benzoate on corrosion of mild steel in binary mixture of sodium nitrate and sodium sulphate using weight loss and electrochemical methods. The inhibitor was found to be anodic in nature with excellent efficiencies.

· The inhibiting action of hexadecylpyridinium bromide (HDPB) on mild steel in 0.5 M H2SO4 solution in the temperature range of 30–60 °C was studied using potentiodynamic technique and weight loss measurements. The collected polarization curves were used to study the effects of the inhibitor concentration and temperature on the corrosion behavior of mild steel. The inhibitor was found to be a mixed-type inhibitor. Maximum range of protection efficiency of HDPB was obtained at its critical micelle concentration (cmc). (Mahmoud M. Saleh 2006).
· The inhibitive effluence of Leucine on the corrosion of mild steel in 1M HCl 
has been investigated by weight loss and electrochemical studies by Violet Dhayabaran et.al. (2006). The inhibitor chosen for the study reduces the corosion significantly by the way of entering the cathodic sites more effectively in 1M HCl.
· Four quaternary ammonium bromides of different heterocyclic compounds were investigated as corrosion inhibitors of mild steel in 1 M HCl and 1 M H2SO4. Polarisation curves, polarisation resistance and gravimetric methods were used. 
The inhibitors were of mixed type, influencing predominantly the anodic process. 
The best inhibitive properties had 1-(carbamoylethyl)-4-methylpyridinium bromide (Popova et.al. 2007).
· The inhibiting influence of Carboxymenthylchitosan (CM-chitosan) on the corrosion of mild steel in 1 M HCl solution was studied by weight loss measurements, potentiodynamic polarization and electrochemical impedance spectroscopy (EIS) methods. Polarization measurements show that the CM-chitosan acts essentially as a mixed-type inhibitor. The protection efficiency of this inhibitor increases with the inhibitor concentration to reach 93% at 200 mg/l but decreases slightly with the rise of temperature. (Sha Cheng et.al., 2007).
· Corrosion inhibition of indole-3-acetic acid on mild steel in acidic medium 
(0.5 M HCl) containing the desired amount of inhibitor has been investigated at different temperatures  using potentiodynamic polarization, electrochemical impedance spectroscopy, and polarization resistance measurements. According to the obtained results from all measurements, inhibition efficiency was about 77% with 1.7 × 10−3 M inhibitor , increasing to about 93% at the 1 × 10−2 M inhibitor concentration. ( Gülşen Avci et.al., 2007).
· The corrosive behavior of mild steel in 1M HCl solutions containing selected imidazolines of fatty acids with C7-C17 was investigated using weight-loss method, potentiodynamic polarization technique and scanning elecron microscopy. 
The results obtained revealed that all the studied imidazolines are effective in reducing corrosion of mild steel in HCl media. (Quaraishi et.al., 2008).
· The cycloadducts (bicyclic isoxazolidines) on reaction with propargyl chloride and ring opening with zinc in acetic acid afforded quaternary ammonium salt and aminoalcohol, respectively. All the new inhibitor molecules in the presence of 400 ppm at 60 °C achieved inhibition efficiencies, determined by gravimetric method, in the range 99–99.6% and 85–99% for mild steel in 1 M HCl and 0.5 M H2SO4, respectively. (Ali et.al., 2008).
SYNERGISTIC STUDIES

· The corrosion rate of mild steel in 1 M H2SO4 containing tetramethyldithio-oxamide with or without addition of Fe(II), Co(II), Ni(II), Sn(II) was determined over a temperature range 20–80 °C. Invariably, the rate of corrosion in media, with only tetramethyldithio-oxamide added, was 1.2–1.8-fold lower than in media to which metal ions had also been introduced. This fact was proved to be the result of the formation of coordination complexes M2+ (TMDTO)2. (Rangelov and Mircheva, 1982).
· The inhibition of mild steel by sodium gluconate was studied by potentiodynamic polarization and weight loss measurements. To assess the role of the 
oxide passive layer on the inhibitive action of gluconate, sodium tetraborate 
was added to stabilize the protective film. A synergetic effect, could be observed. 
(Lahodny-S arc et.al., 1988).
· Jha et.al. (1990) investigated the effect of halide ions on corrosion inhibition of mild steel in 1N H2SO4. The inhibiting efficiency of ethylene diammine increased by the addition of halide ions in the order I>Br>Cl. This synergistic effect was explained as due to CO and overlap adsorption of halide ions and inhibitor molecules and  or cations.
· The metallic cations on corrosion inhibibtion of mild steel in sulphuric acid by organic inhibitor increased the inhibition efficiency of thiourea and allyl thiourea but synergism between these substances are not obvious. (Mu., Zhao, Liu and Gu,1995).
· Brett et.al. (1997) investigated the influence of anions on the corrosion of MS. The influence of the changing the cation was found to be small and order of anion aggressivity was established as sulphate>chloride>perchlorate>iodide>nitrate.  
· Muralidharan et.al. (1998) reported the synergistic influence of iodide ions on the corrosion inhibition of MS in 0.5M H2SO4  by cyclohexyl amine using different electrochemical techniques. Corrosion inhibition was found to decreae with increase in concentration of cyclohexyl amine.

· Fehoshi et.al. (1999) investigated the influence of bivalent cations like calcium and zinc ions on the corrosion inhibition effect of 1-Hydroxyethane, 
1-Diphosphonic acid (HEDP) on carbon steel by electrochemical techniques, X-ray photo  electron spectroscopy  and atomic force microscopy. It was found that addition of zinc or calcium ions greatly increased the inhibition efficiency of HEDP in a  synergetic manner.
· Corrosion rate for mild steel in neutral medium (model water) has been studied by Vandana rai et.al. (2002) using gravimetric and electrochemical methods for the inhibitor DTPMP. The synergistic effect of Zn++ ion shown favourable results with 80% inhibition efficiency after 24 hrs. 

· The inhibition effects of sodium dodecylbenzenesulphonate (SDBS) and hexamethylenetetramine (HA) on the corrosion of mild steel in sulphuric acid solution have been studied using weight loss, electrochemical impedance and Tafel polarisation measurements. For HA, a monotonous increase in inhibition efficiency is observed as a function of concentration. For SDBS, however, an optimum in the inhibition efficiency is observed for a concentration close to 250 ppm, Upon mixing HA and SDBS, concentration regions showing synergistic and antagonistic inhibition behaviour are identified, and it is concluded that electrostatic interactions between adsorbate ions are likely responsible for both phenomena. (Mirghasem Hosseini et.al., 2003).
· Gravimetric method was used to study the inhibitory properties of indigo dye during corrosion of mild steel in aerated sulphuric acid solutions at 30–50°C. 
The effect of addition of halide salts KCl, KBr and KI was also investigated. 
The inhibition efficiency of indigo dye increased with concentration and synergistically increased on addition of halide salts. (Oguzie et.al., 2004).
 
An overview of the literature study indicate that organic compounds containing hetero atoms act as a good inhibitor and Amodiaquine is one such inhibitor for mild steel in acid medium. To improve the performance the present study has been carried out with various cations and anions as synergistic ions.


A glance of the literature survey also revealed that weight loss method, polarization and impedance studies are best laboratory techniques to study the inhibitor. Therefore in the present study also these methods have been adopted.

MATERIALS AND METHODS

                In the present investigation ,”Amodiaquine – as a healing medicine for corrosion of mild steel in acid medium and synergistic effect of halides and cations on the efficacy of Amodiaquine ” efforts have been taken to study the inhibitive efficiency of the Amodiaquine as corrosion inhibitor for mild steel in 0.5M sulphuric acid.

Selection of the sample

 
Due to low cost and easy availability mild steel is a material of choice to fabricate various reaction vessels, pipes, tanks, etc., in sugar, petrochemical, brewery, food, paper, textile and marine industries. MS suffers from severe corrosion in aggressive environment, which needs to be protected. Hence the study of corrosion inhibition of MS in aqueous aggressive media is the subject of pronounced technological significance. Thus the investigation was carried out using mild steel.

Preparation of the specimens

             A rectangular steel bar was cut into pieces of area 5x1 cm2. The specimens were polished mechanically, degreased, cleaned successively in deionized water, dried, stored in a dessicator and used for all studies. 

 The locally purchased mild steel specimens were found to have the following percent nominal composition.

TABLE.1.1

	S. No.
	Element
	% of  Chemical composition
	S. No.
	Element
	% of  Chemical composition

	1
	Carbon
	0.081
	6
	Sculpture
	0.014

	2
	Manganese
	0.296
	7
	Chromium
	0.021

	3
	Silicon
	0.016
	8
	Molybdenum
	0.019

	4
	Phosphorous
	0.032
	9
	Sculpture
	0.014

	5
	Nickel
	0.016
	10
	Iron
	99.505


Selection of the inhibitor


The industrial importance of the corrosion inhibitors is wide spread ranging from pickling to application in water-cooling system. The selection of the given inhibitor for a given system depends on the corrosion medium, the nature of the metal, the magnitude of the charge at the metal-solution interface and cathodic reaction. The inhibition of iron corrosion in acidic solutions by organic inhibitor has been well studied.


The active ingredients of organic inhibitors invariably contain one or more functional groups containing N, O, S, P or Se through which inhibitors act on metal surface. So, in the present study Amodiaquine was selected as the inhibitor which contains hetero atoms N and O.
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Test media

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

Equipments used

1. Solartron 1280B

2. Thermostat

3. UNI-BLOC Digital balance.

Stock solutions prepared

 
0.1M solution of AMQ,sodium sulphate, magnesium sulphate,potassium chloride, potassium bromide, and potassium iodide were prepared. Various concentrations were made from these stock solutions.

Techniques employed

               Corrosion monitoring techniques have been classified into two main categories.
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Techniques
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                            Weight loss method                


Physico chemical method (Weight loss method)

              The MS coupons were weighed in Denvar balance. Weighed samples in triplicate were immersed in 100 ml of acid solution (with and without inhibitor) for a fixed duration. The specimens were removed and washed with saturated sodium bi carbonate solution and water, dried and reweighed. The average weight loss of the coupons was recorded. Similar procedure is adopted for the synergistic effect of cations and anions.

              Influence of various parameters on the dissolution of mild steel studied by these methods is,

Inhibitor concentration 
:
10-2 M to 10-4 M

Cationic concentration 
:
10-2M

Anionic concentration
:
10-2M

Acid



:
0.5 M H2SO4

Immersion time

:
½ hr to 24 hrs

Temperature (½ hr study)
:
313,323,343,353,363(K)

Room temperature:


Cleaned polished mild steel specimens are  weighed and suspended with the help of glass hook in the acid bath.

· Without inhibitor (blank 0.5M H2SO4)

· With varying the concentrations of the AMQ(10-2 M to 10-4M)

· At fixed concentration of the cations (10-2M) varying the concentrations of AMQ (10-2 M to 10-4M).(3 hrs immersion studies)

· At fixed concentration of the anions (10-2M) varying the concentrations of AMQ (10-2 M to 10-4M). (3 hrs immersion studies)

· At fixed concentration of the AMQ (10-4M) with combination of cations and anions (10-2 M). (3 hrs immersion studies)

Experiments are done in triplicate.

Determination of corrosion rate

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

                    
     534 W
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Where

        W is the weight loss in g

        D is the density of specimen in g/cm2
        A is the area of the specimen in cm2
        T is the exposure time in hr

Determination of percentage of inhibitor efficiency

               The inhibitor efficiency was obtained from the following formula.

                                                 W0-W      
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                                   IE   =                      x   100
                                                     W0

Where 

  

IE    –   Inhibitor efficiency in percentage

  

W0   –   Corrosion rate without inhibitor

   

W   –   Corrosion rate with inhibitor

Determination of thermodynamic parameters

               The change in free energy (∆G) of adsorption of the inhibitors can be calculated using the following equation (Abdel and El Saied, 1981).
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Log B = -1.74-(∆G/2.303 RT)


R        =   Gas constant 8.134 J/mole


T        =   Temperature


C        =   Concentration of the inhibitor


(        =   Surface coverage

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

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

Adsorption isotherm

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

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

               Temkin (( Vs log C)

Determination of activation energy (Ea)

               The activation energy at different concentration of the inhibitor at various temperatures was determined by plotting log CR Vs 1/T(Arrhenius plot).From the slope of the plot   activation energy (Ea) was calculated using the following formula.

                Ea= -2.303 x R x slope of the Arrhenius plot

Where R=gas constant 8.34 J/mole

Potentiodynamic polarization and impedance measurements

               The corrosion monitoring techniques like 

· Potentiodynamic polarization 

·     electrochemical impedance spectroscopy(EIS)methods

have been used in the present investigation. For both the techniques, Solartron Electrochemical Measurement Unit (1280B) model was used with a software package of Z plot and Corrware. The system includes a potentiostat, personal computer and Frequency Response Analyser.

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

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

Measurement of corrosion current (Icorr)

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

Determination of inhibitor efficiency

                The inhibitor efficiency was obtained from the equation,

                                                  Icorr (b)-Icorr (i)       
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RESULTS AND DISCUSSION


The quantitative data obtained from the thesis,” Amodiaquine – as a healing medicine for the corrosion of mild steel in acid medium and synergistic effect of halides and cations on the efficacy of Amodiaquine ” are presented and discussed in the light of the objectives set forth. 

 
In the present investigation, the inhibitive effect of Amodiaquine (AMQ) on mild steel in acid medium was studied and the parameters which influenced the extent of inhibitor efficiency such as the effect of inhibitor concentration, immersion time and temperature are investigated by weight loss method. The inhibitive action of AMQ is well demonstrated from the overall results. 


The aim of the proposed investigation was to study the dissolution behavior of steel so as to explore the optimum concentration of the inhibitor for maximum inhibition efficiency using weight loss measurements, and electrochemical measurements such as  

a) Tafel intercept method 

b) Linear polarization method and 

c) Electrochemical impedance spectroscopy

The results are presented with discussion in tables and figures. 

 
An attempt has also been made to study the synergistic effect of cations Mg2+, Na+ & anions I- , Cl- , Br- on the inhibiting nature of AMQ. This study was conducted to enhance the efficacy of AMQ inhibitor on MS corrosion in Acid medium. The results pertaining to this attempt is also listed & discussed. 

Weight loss measurements


Weight loss measurement was carried out for MS in 0.5M H2SO4 both in the absence and presence of various concentrations of the AMQ at room temperature and at high temperatures. Different concentrations of AMQ in 0.5 M H2SO4 was tried for its potency in the retardation of corrosion of MS at various time of immersion . The results of the temperature studies were used to calculate activation energy and thermodynamic parameters. Results are fitted into suitable adsorption isotherms. 

Effect of concentration of AMQ on MS corrosion in 0.5M H2SO4 


The effect of concentration of inhibitor plays an important role to fix an optimum concentration of the inhibitor under study. The effect of AMQ dosage on the corrosion of MS in 0.5M H2SO4 has been investigated and the optimum concentration at which maximum inhibitor efficiency obtained was determined. The results are tabulated in Table-1. From the table, as the concentration of the inhibitor increases from 10-4M to     10-2M, the inhibitor efficiency also increases from 1.7 % to 76% .Maximum inhibition efficiency was found to be 76% with  10-2M inhibitor at 3 hrs  immersion period. It was due to the increase in the surface area of the inhibitor molecules on the metal surface. The results are pictorially represented in the Fig 1.

Effect of time 


Using weight loss measurements the corrosion rate and inhibition efficiency during static immersion of MS in 0.5M H2SO4 with various concentrations of the inhibitor for different immersion periods are presented in the Table.1. The pictorial representation is given in the Fig.2. IE increases with the increase in concentration for all the periods of immersion. As the time of immersion increases from ½ hr to 3hr the IE increased and reached 75% for 10-2 M concentration of AMQ. After 3hrs the immersion, results indicate there is a decrease in IE. This may be explained as the time of immersion increases the adsorbed molecules on MS may undergo desorption resulting in       decrease in IE.


The decrease in corrosion rate with increase in the time of immersion may be ascribed to changes occurring in the inhibitor and to the built up of metal salts in solution. However, many researchers pointed out rather strongly to the fact that the rate increase is caused largely by the increase in active surface area as the metal is attacked, nevertheless and weakening of the acid medium by the corrosion product. 

TABLE. 1 

INFLUENCE OF CONCENTRATION OF AMQ ON CORROSION OF MS IN 0.5 M H2SO4

	S.No.
	 Conc in

(M)
	½ hr
	3 hrs
	6 hrs
	12
	24 hrs

	
	
	CR

mpy
	IE

%
	CR

mpy
	IE

%
	CR

mpy
	IE

%
	CR

mpy
	IE

%
	CR

mpy
	IE

%

	1.
	Blank
	900.97
	-
	2149.81
	-
	1662.99
	-
	1611.60
	-
	8786.32
	-

	2.
	10-4
	885.27
	1.7
	1872.45
	13
	1500.76
	9.75
	1331.09
	17.4
	982.66
	10.52

	3.
	5*10-4
	580.87
	35.52
	1707.46
	20
	1402.06
	15.68
	1264.7
	21.5
	980.76
	10.69

	4.
	10-3
	510.23
	43.36
	1121.49
	49
	1222.69
	26.4
	1204.08
	25.2
	916.44
	16.06

	5.
	5*10-3
	338.4
	63.21
	874.37
	60
	778.33
	53.19
	890.11
	44.76
	815.68
	25.72

	6.
	10-2
	218.81
	75.59
	537.85
	75
	589.07
	64.57
	649.75
	60
	585.11
	46


FIG.1 

INFLUENCE OF CONCENTRATION OF AMQ ON CORROSION OF MS IN 
0.5M H2SO4
FIG.2 

IE AS A FUNCTION OF CONCENTRATION OF AMQ AND PERIODS OF IMMERSION

Effect of temperature


The influence of temperature on the corrosion rate of MS in 0.5 M H2SO4 containing 10-2 M to 10-5 M inhibitor was studied. Weight loss measurements were taken in the temperature range of 303K to 353K to evaluate the inhibition mechanism and to determine the activation energy and free energy of adsorption of the corrosion process. 

The data are shown in Table.2. For each temperature the corrosion rate decreased and inhibitor efficiency of the inhibitor increased when the concentration of the AMQ increased (Fig.3). IE increases up to 313 K and after that there is a decline in IE at 323K.(Fig.4). Maximum IE was found to be 67.6% with 10-2 M concentration of AMQ. This may be explained as adsorption and desorption of inhibitor molecules continuously occurs at the metal surface and equilibrium exists between these two processes at a particular temperature. With the increase of temperature, the equilibrium between adsorption and desorption processes is shifted leading to a higher desorption rate than adsorption until equilibrium is again established at a different value of equilibrium constant. It explains the lower inhibitor efficiency at higher temperature. Performance evaluation of  0.5 M H2SO4 is pictorially represented by considering the maximium IE obtained at ½ hr at 313 K.(Fig.5)

Adsorption Isotherms 


It has been generally noted that organic molecules inhibit corrosion by adsorption at the metal / solution interface. Adsorption provides information about the interaction among the adsorbed molecules themselves as well as their interaction with electrode surface. A useful method that assists in the understanding of the mechanism of organo electro chemical reactions in the adsorption process is the adsorption isotherm. Basic information on the interaction between the investigated AMQ and Mild Steel surface can be provided by the adsorption isotherms. (Fig.6). The values of surface coverage (() is calculated using the formula ( = IE /100 where IE is the inhibitor efficiency obtained from weight loss measurements (3hours). The ( values for different concentrations of inhibitors for the acid solution were tested graphically by fitting to various isotherms like Langmuir.
TABLE 2

 ROLE OF TEMPERATURE ON CORROSION OF MS IN THE PRESENCE OF VARIOUS CONCENTRATION OF THE AMQ

	S. No.
	Conc. in Molar 
	303 K
	313 K
	323K
	333 K
	343 K
	353 K

	
	
	CR 
mpy
	IE
%
	CR 
mpy
	IE
%
	CR
mpy
	IE
%
	CR
mpy
	IE
%
	CR
mpy
	IE
%
	CR
mpy
	IE
%

	1.
	Blank
	900.97
	-
	3012.54
	-
	5659.64
	-
	12550.8
	-
	18602
	
	26102.0
	-

	2.
	10-4
	885.27
	1.7
	2965.44
	1.7
	5391.87
	4.7
	12037.9
	4.0
	16109.3
	13
	3609.12
	13.8

	3.
	5*10-4
	580.87
	35.52
	2914.85
	3.2
	5043
	10.8
	11870.5
	4.9
	15168.2
	18
	4356.26
	17

	4.
	10-3
	510.23
	43.36
	2759.6
	8.3
	4956.65
	12.42
	10937.2
	12.85
	13932.3
	25
	4896.47
	18

	5.
	5*10-3
	338.4
	63.21
	2090.72
	30.59
	4534.51
	20
	8442.7
	32.73
	11349.8
	40
	11343.7
	43

	6.
	10-2
	218.81
	75.59
	974.23
	67.66
	2050.5
	63
	6835.3
	45.53
	9201.6
	50
	14015.22
	53


FIG. 3

IE AS FUNCTION OF TEMPERATURE AND CONCENTRATION


FIG. 4

IE AS A FUNCTION OF TEMPERATURE WITH DIFFERENT AMQ CONCENTRATION


FIG 5

PERFORMANCE EVALUATION OF AMQ IN 0.5 M H2SO4

Langmuir Adsorption Isotherm


A plot of log (( / 1- () Vs log c gave a straight line showing that the adsorption of these inhibitors can be fitted to Langmuir adsorption isotherm. These results demonstrated that the inhibition of MS by AMQ was attributed to adsorption of the compounds on the MS surface. It also confirms the monolayer adsorptions. 

Activation Energy


The kinetic parameter of the systems under consideration was evaluated using the data obtained form the weight loss method for various concentrations of AMQ.
Activation energy of corrosion reaction was calculated from Arrhenius equation.







  -Ea
      


Log K 
   =    

    + C

        



          2.303 RT


Where K is the corrosion rate
 
The plot of log K against 1/T gave straight lines. Fig (7)   comprises the curves obtained for the corrosion of mild steel in the presence of AMQ. The values of Ea in the presence and absence of AMQ is presented in the Table.3. From the table it is understood the energy of activation changes from in the presence of the inhibitor. For the adsorption inhibitors the observed rate shows not only the effect of temperature on the metal dissolution but also at the variation at the surface coverage at constant concentration. Accordingly the energy of activation changes in the present study. The Ea decreased in the presence of inhibitor. This is explained by Rigg’s. According to him the dissolution process is not determined only by the reaction on the metal from the bare surface but involves also the adsorbed inhibitor and consequently the Ea can assume the value greater or smaller than those calculated in the absence of inhibited acid suggest the inhibition does not change the temperature coefficient of the reaction and firmly held on the metal surface. 

TABLE .3

LANGMUIR ADSORPTION ISOTHERM

	S.No.
	Conc in M
	LOG C
	Log ( / (1 - ()

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

	1
	10-4
	-4
	-1.7621
	-1.7621
	-1.307
	-1.38021
	-0.82558
	-0.79563

	2
	5*10-4
	-3.3
	-0.25895
	-1.48073
	-0.92695
	-1.28798
	-0.65854
	-0.68863

	3
	10-3
	-3
	-0.11603
	-1.04329
	-0.84828
	-0.83136
	-0.47712
	-0.65854

	4
	5*10-3
	-2.3
	0.235056
	-0.35584
	-0.60206
	-0.31288
	-0.17609
	-0.12241

	5
	10-2
	-2
	0.495617
	0.320592
	0.231139
	-0.07786
	0
	0.052178


FIG.6

LANGMUIR ADSORPTION ISOTHERM


FIG.7

 ARRHENIUS PLOT


Thermodynamic parameters 


With the help of the temperature studies results thermodynamic parameters such as G, H and S were calculated. Standard free energy values of adsorption at different temperatures were derived from Langmuir plot using the relation

Log of inhibitor concentration log C = log / (1-)-log B

Log B = -1.74 - (G/2.303 RT)


The values of the thermodynamic parameters are represented in the Table 4. The variation of G with the temperature was shown in the figure.8.A straight line was obtained for the present system. The entropy of adsorption S and the enthalpy of adsorption H can be calculated from the plot of G Vs T. S and H were obtained from the slope and intercept respectively. The negative values of G and the values of S andH are characteristic of strong interaction between the inhibitor and the metal surface.

Electrochemical measurements 

1. Potentiodynamic polarization studies 


Electrochemical measurements offer information about the mode of action and mechanism of inhibition process. The efficiency of the AMQ for the corrosion inhibition of MS had been evaluated using polarization techniques such as linear polarization resistance method and tafel intercept method.
TABLE.4

VALUES OF (G, (H AND (S FOR VARIOUS CONCENTRATION OF 

AMQ FOR MS IN 0.5M H2SO4
	S.No.
	Conc. of the 

Inhibitor

in Molar
	Activation Energy (Ea) KJ / mol
	Free energy of adsorption (-(G) KJ/mol
	Entropy Change ((S)

KJ/mol
	Heat of Adsorption ((H) KJ/mol

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

	1
	Blank
	-
	900.97
	3012.5
	5659.6
	12550.8
	18602
	26102.0
	-
	-

	2
	10-4
	-34.38
	-0.12
	8.59
	2.68
	2.29
	6.00
	6.38
	-1.79
	-2.16004

	3
	5*10-4
	-42.01
	8.87
	1.55
	5.09
	2.88
	7.10
	7.10
	-2.19
	1.734976

	4
	10-3
	-44.69
	9.73
	4.17
	5.51
	5.79
	8.29
	7.31
	-2.33
	2.985831

	5
	5*10-3
	-60.17
	11.83
	8.29
	7.03
	9.10
	10.27
	10.93
	-3.14
	3.820449

	6
	10-2
	-73.49
	13.40
	12.35
	12.19
	10.59
	11.42
	12.11
	-3.83
	4.027293



FIG.8

G AS A FUNCTION OF TEMPERATURE


 
The values of Icorr, Ecorr and tafel slope constants are obtained from potentiodynamic polarization curves for MS in 0.5M H2SO4 and in the presence of different concentrations of AMQ are given in the Table.5 and shown in the Fig.9. The Ecorr values are only slightly shifted in the presence of inhibitor suggesting that they work by inhibiting both the anodic and the cathodic reactions. Inhibitors that function in this way are known as mixed type inhibitors.

It is evident that the values of Icorr decreased with the increase in inhibitor concentration and a maximum decrease is observed at high inhibitor concentration. Both cathodic and anodic polarization curves are affected by inhibition which prove that the inhibitor behave as mixed type. This finding indicates that the corrosion of MS is strongly inhibited in the presence of AMQ. Linear polarization resistance RP is obtained from potentiodynamic curves. The values of Rp increases with the increase in concentration of AMQ. All the electrochemical parameter confirms that the AMQ is a mixed type inhibitor.

2. Electrochemical impedance spectroscopy 


Impedance diagram obtained for the frequency range 100 MHz to 100 KHz at the open circuit potential for MS in O.5 M H2SO4, in the presence and absence of different concentration of AMQ is presented in the Table.6. Impedance diagrams for MS in the presence and absence of 10-3 M AMQ,  are given in the Fig.10. The values of Rct and Cdl with corresponding IE and  are listed in the table.6.
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TABLE.5 

CORROSION KINETIC PARAMETERS FOR MS IN 0.5M H2SO4IN THE PRESENCE OF AMQ

	S.No.
	Conc. of inhibitor (M)
	ba
mV/dec
	bc
mV/dec
	Icorr 

(Amp/cm2)
	Ecorr 
mV/sec
	IE(%)


	Rp Ohm/cm2
	IE(%)

	1
	Blank
	182.61
	166.45
	.0064887
	517.9
	-
	4.2634
	-

	2
	10-4
	110.75
	104.22
	0.0064797
	512.5
	0.13
	4.2789
	0.36

	3
	5*10-4
	224.2
	211.14
	0.0054556
	507.71
	15.91
	5.5334
	22.95

	4
	10-3
	87.866
	83.295
	0.0050709
	513.04
	21.8
	6.1644
	30.83

	5
	5*10-3
	92.52
	87.56
	0.0018476
	519.74
	71
	6.302
	32.34

	6
	10-2
	114.47
	106.13
	0.0016762
	504.95
	74.6
	6.556
	35



TABLE 6

VALUES OF RCt AND Cdl FOR THE ADSORPTION OF 

AMQ ON MS IN 0.5M H2SO4
	S.NO
	Conc. (M)
	Rct (ohms)
	IE(%)
	Cdl x 10-5 
(( farads)
	(

	1
	Blank
	44.271
	-
	7.9482
	

	2
	10-4
	59.761
	25.91
	6.3586
	0.20

	3
	5*10-4
	125.07
	64.60
	3.17928
	0.60

	4
	10-3
	153.21
	71.10
	2.7817
	0.65

	5
	5*10-3
	286.08
	84.52
	1.78774
	0.80

	6
	10-2
	339.87
	86.97
	1.4704
	0.81


SYNERGISTIC EFFECT OF CATIONS AND ANIONS ON THE IE OF AMQ


Since the maximum IE obtained from the AMQ is only 75%, to increase the IE synergistic studies were conducted with cations and anions and synergistic parameter ‘S’ is calculated and the results are displayed and discussed.

Weight loss measurements


Efforts have been taken to enhance the inhibition efficiency at different concentration AMQ with 10-2M concentration of Mg+ ion & Na+ ion. Immersion studies are carried out with various concentration of AMQ with fixed concentration of Mg+ & Na+ for 3 hours. Results are presented in the Table.7 and 3D representation in Fig.11. Synergistic studies are also carried out at fixed concentration I- Br- & Cl- with varying concentrations of AMQ for a period of 3 hours immersion. Results are listed in the Table.8 and the graphical representation is given in Fig.12.


To understand the synergistic nature of anions and cations on 10-4M AMQ, experiments are conducted by adding 10-2M of Na+ and Mg2+ and I-, to 10-4M of AMQ. Similarly, 10-2M of Na+, Mg2+ and Cl-, are added to 10-4M of AMQ. The role of Bromide ions is also evaluated by adding 10-2M of Na+, Mg2+ and Br- to 10-4M AMQ. This study will help to arrive at the synergistic parameter and evaluate and enhance the IE of AMQ. Results pertaining to these studies are listed in Table.9 and pictorially represented in Fig.13. The findings of the experiment is the IE of the AMQ enhances from 13% to 98% in the presence of additives with concentration 10-2M of Na+ , Mg2+ and I- to 10-4M of AMQ. This enhancement is mainly due to joint adsorption of cations and anions on the MS surface.
Synergistic effect of various cations on MS in the presence of different concentration of AMQ


Table 7 furnishes the inhibition efficiency of AMQ in the presence of Mg+ & Na+ cations at room temperature. As the concentration of AMQ increases with a fixed concentration (10-2 M) of Mg+ & Na+ the inhibition efficiency is also being enhanced. 
The inhibition efficiency enhances from 70% for 10-2M AMQ to 75% in the case Mg+ addition & 86% in the case of Na+ addition. This might be due to the synergistic influence of Mg+ & Na+ on AMQ. It may therefore be assumed the rate of corrosion goes on decreasing with increase in concentration of cations till the uniform unimolecular layer is formed on the surface of metal. The enhancement of IE is pictorially represented in Fig.11 

TABLE 7

 ROLE OF THE CATIONS ON THE INHIBITING NATURE OF AMQ 
	S.No.
	Concentration in Molar
	AMQ
	Mg2+
	Na+

	
	AMQ
	Cations
	CR 
mpy
	IE %
	CR 
mpy
	IE %
	CR
mpy
	IE %

	1
	-
	10-2
	-
	-
	1603.81
	30
	1221.9
	46.7

	2
	10-5
	10-2
	1565.7
	6
	1474.15
	11.5
	1308.87
	21

	3
	10-4
	10-2
	1497.4
	10
	1339.68
	20
	1115.09
	33

	4
	10-3
	10-2
	1202.0
	27
	1087.91
	34.7
	769.56
	53.6

	5
	10-2
	10-2
	485.52
	70
	416.76
	75
	247.99
	86


FIG.11

SYNERGISTIC INFLUENCE OF CATIONS ON AMQ 



Effect of anions on AMQ


To study the synergistic effect of halide ions on AMQ, studies are carried out with a fixed concentration of halides (10-2 M) with varying concentration of AMQ by weight loss method at three hours immersion. The inhibition efficiency of AMQ in the presence of halide ions is tabulated in Table.8. From the table it is clear that the IE of 10-5 M AMQ enhances from 22.8% to 97.3%, 48.5% & 54.2% in the presence of I-, Br- & Cl- ions respectively. Similarly the IE of 10-4 M AMQ enhances from 24.3% to 97.6%, 52% & 62.7% in the presence of I-, Br- & Cl- respectively. 10-2M of AMQ furnishes maximum efficiency of 73.5% & it also enhances to 91.3% & 81.6% & 83.45% in presence of I-, 
Br- & Cl- ion respectively. Figure.4 demonstrates the enhancement of IE in the presence of halide ions. Iodide was found to be more effective than the chloride & bromide.  


The enhanced inhibition efficiency is due to joint adsorption of halide ions & AMQ on MS surface.  The high efficiency of AMQ in the presence of iodide can be explained as due to its larger ionic size, stronger adsorption due to easy polarizability of its electron shells & possible formation of surface layer on the metal with the inhibitor. (Gurmeet Singh et.al., 1990). 

The same effects are observed by Jha et.al., (1990) during the study of effect of halide ions on corrosion inhibition of Mild Steel by ethylene diamine. They explained the synergistic effect as due to CO & overlap of halide ions & inhibitors molecules. 

Effect of the joint adsorption of cations and anions on AMQ


 To calculate the synergistic parameter,  3 hrs immersion studies were carried out by keeping of 10-4M AMQ constant with 10-2M Na+ and by varying the anion of concentration 10-2M separately as Cl-, Br- and I-. Similar procedure was adopted for Mg2+ with 10-2M concentration of anions. The rationalization of IE obtained are tabulated in the Table.9 and pictorially represented in Fig.13. The high efficiency is obviously obtained for Iodide combined cations. The notable feature of the result is the IE of cations with the anions are almost similar. This must be due to the synergism which increased the normal inhibitor efficiency of 20% at 10-4M concentration to 43%, 54%, and 98% for both the cations with the Cl-, Br- and I- respectively.

TABLE .8 

SYNERGISTIC EFFECT OF HALIDE IONS ON THE INHIBITNG EFFECT OF  AMQ

	S .No.
	Concentration in

Molar
	AMQ
	Cl-
	Br-
	I-

	
	AMQ
	Anions
	CR (mpy)
	IE %
	CR (mpy)
	IE %
	CR (mpy)
	IE %
	CR (mpy)
	IE %

	1
	BLANK
	-
	2296.1
	-
	-
	-
	-
	-
	-
	-

	2
	-
	10-2
	-
	-
	1247.07
	45.6
	1217.8
	46.9
	14.100
	99.3

	3
	10-5
	10-2
	1770.84
	22.8
	1050.99
	54.2
	1106.5
	48.5
	60.03
	97.3

	4
	10-4
	10-2
	1737.98
	24.3
	855.76
	62.7
	454.41
	52
	55.09
	97.6

	5
	10-3
	10-2
	1183.56
	48.4
	742.52
	67.6
	253.2
	61.3
	17.15
	99.2

	6
	10-2
	10-2
	608.35
	73.5
	379.84
	83.4
	887.74
	81.6
	15.69
	99.3


FIG .12

SYNERGISTIC INFLUENCE OF ANIONS ON AMQ

TABLE  9

 SYNERGISTIC EFFECT OF ANIONS AND CATIONS WITH 10-4AMQ

	S. No.
	CONC OF AMQ (M)
	IE(%)
	Anions 
10-2M
	Na+ 
10-2M
	Mg2+
10-2M

	
	
	
	
	CR(mpy)
	IE(%)
	CR(mpy)
	IE(%)

	1
	10-4
	13
	-
	1115.09
	33
	1339.68
	20

	2
	10-4
	13
	Cll-
	8419
	43
	8528.27
	43.62

	3
	10-4
	13
	Br-
	6379
	54
	6925.18
	53.92

	4
	10-4
	13
	I-
	158.73
	98
	226.74
	98.49


FIG 13

3-D REPRESENTATION OF IE OF AMQ AND SYNERGISTIC EFFECT OF CATIONS AND ANIONS 
WITH 10-4 M AMQ

Calculation of the Synergistic parameter ‘S’


The synergism parameter ‘S’ was evaluated using the relationship given by Aramaki and the Hackermann  (1969)






      1-I1+2

                                        S    =
1-I'1+2
I 1 = Surface coverage by anions 

I2 = Surface coverage by cations

I1+2 = (I1+12)-( I1-12) 

I'1+2    = Measured surface coverage with cations and anions


S approaches 1 when no interaction between the inhibitor compounds exists, while S > 1, points to a synergistic effect. In the case of S < 1, the antagonistic interaction prevails, which may be attributed to the competitive adsorption. The calculated values are presented in the Table .10. The values of S are greater than unity for NaI, MgCl2, MgBr2, and MgI2, which suggest that the enhanced IE caused by the addition of halide ions to AMQ (which is in the order of Cl-<, Br-< I-) may be only due to synergistic effect. This can be explained on the basis that halides have a greater tendency to be absorbed on the surface. It can also be concluded that the iodide ion is strongly adsorbable and facilitates the adsorption of organic cations, thereby leading to an inhibition synergism. The order indicates that the radii and electronegativity of the halides play an important role in the adsorption process. 

	TABLE.10

CALCULATION OF SYNERGISTIC PARAMETER FOR 10-4 MAMQ WITH CATIONS AND  HALIDES

	CATIONS + ANIONS
	I1
	12
	I1+2  =

(I1+12)-( I1-12)
	1-I1+2
	1-I'1+2
	S=1-I1+2/1-I'1+2

	NaCl
	0.62
	0.33
	0.66
	0.34
	0.57
	0.596491

	NaBr
	0.52
	0.33
	0.66
	0.34
	0.46
	0.73913

	NaI
	0.97
	0.33
	0.66
	0.34
	0.02
	17

	MgCl2
	0.62
	0.2
	0.4
	0.6
	0.57
	1.052632

	MgBr2
	0.52
	0.2
	0.4
	0.6
	0.47
	1.276596

	MgI2
	0.976
	0.2
	0.4
	0.6
	0.02
	30


Synergistic effect of cations and anions on AMQ by potentiodynamic studies


Potentiodynamic studies are carried out for MS in 0.5 H2SO4 in the presence of     10-3 M AMQ and 10-2 Na+ and Mg2+. Polarization curves are obtained in the presence and absence of 10-3M AMQ and cations are depicted in the Fig.14. Polarization curves obtained for MS in 0.5M H2SO4   acid medium in the presence of 10-3 M AMQ and  10-2 M cations and anions are also depicted in the Fig .14. Corrosion kinetic parameters of MS for this study are presented in the Table 11. From the table, the values of tafel constants ba and bc changes in the presence of AMQ along with cations and anions retards the metal dissolution and hydrogen evolution. This prove that the inhibitor behave as mixed type even in the presence of AMQ and synergistic cations and anions compared to the blank. This could infer that inhibition process is taking place. Ecorr values do not change significantly in the presence of AMQ, cations and anions. This confirms the mixed nature of the inhibitor. Linear polarization Rp increases in the presence of synergistic cations and anions. All the corrosion kinetic parameters confirm that the synergistic effect of cations and anions on AMQ.


The IE of AMQ enhances from 21.8% to 71% in the presence of Na+ cation and 
I- ions. In the presence of Mg2+ and I- ion enhances the IE of AMQ from 21.8 to 89.8.  
This tremendous enhancement of IE of AMQ in the presence of synergistic cations and anions is mainly due to the joint adsorption of cations and anions on MS. 


Potentiodynamic polarization obtained in the presence of anions and 10-3M AMQ in 0.5M H2SO4 is presented in the Fig.15. The values of tafel slopes and Ecorr confirm that the inhibitor in the presence of anions behave like mixed type. Values presented in the table indicate the inhibitor in the presence of anions behave like mixed type. Values presented in the Table.12 , indicate the increase in Rp compared to blank and 10-3 M AMQ increases in the presence of synergistic anions. The enhancement of IE from 21.8% in the presence of AMQ to 49% and 89% in the presence of chloride and iodide ions respectively infers the joint adsorption of halide ions on MS surface.
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TABLE.11

CORROSION KINETIC PARAMETERS FOR MS IN 0.5M H2SO4  WITH

10-3M AMQ IN THE PRESENCE OF CATIONS AND  IODIDE IONS

	S.No.
	Conc of AMQ
(M)
	10-2M of various cations
	10-2M of anions
	ba mV/dec
	bc
mV/dec
	Icorr
(Amp/cm2)
	Ecorr mV/sec
	IE
(%)
	Rp Ohm/cm2
	IE(%)

	1
	-
	-
	-
	172.27
	116.74
	0.0018116
	-478.01
	-
	12.733
	-

	2.
	10-3
	-
	-
	87.866
	83.295
	0.0050709
	513.04
	21.8
	6.1644
	30.83

	3.
	10-3
	Na+
	-
	60.018
	54.109
	0.00052315
	-484.78
	71.1
	30.702
	54

	4.
	10-3
	Mg2+
	-
	140.04
	113.51
	0.0014105
	-485.44
	22.14
	14.371
	11.3

	5.
	10-3
	Na+ 
	 I-
	112.42
	75.121
	0.00011471
	-451.26
	93.6
	132.11
	90.36

	6.
	10-3
	Mg2+ 
	I-
	117.46
	86.715
	0.00018476
	--457.16
	89.8
	96.82
	86.31
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TABLE.12

CORROSION KINETIC PARAMETERS FOR MS IN 0.5M H2SO4
IN THE PRESENCE OF 10-3 M AMQ AND  ANIONS

	S.No.
	AMQ conc in M
	10-2 M of 

various 

anions
	ba
mV/dec
	bc
mV/dec
	Icorr
(Amp/cm2)
	Ecorr
mV/sec
	IE

(%)
	Rp Ohm/cm2
	IE (%)

	1
	-
	-
	172.27
	116.74
	0.0018116
	-478.01
	-
	12.733
	-

	2
	10-3
	-
	87.866
	83.295
	0.0050709
	513.04
	21.8
	6.1644
	30.83

	3
	10-3
	Cl-
	132.26
	91.003
	0.0005595
	-472.61
	69.11
	35.354
	64.16

	4
	10-3
	Br-
	147.4
	107.45
	0.001086
	-473.1
	40.05
	20.634
	38.2

	5
	10-3
	I-
	98.595
	71.047
	.00005813
	-452.05
	94.7
	126.11
	89.90


Electrochemical impedance spectroscopy 


Analysis of the tables 13, 14, and figures 16, 17, could furnish the following conclusion. The values of Rct increase with the increase in concentration of AMQ and in the presence of synergistic cations and anions also the values of Rct increases. Values of Rct are enhanced to a maximum in the presence of synergistic cations and anions. It can be seen that the impedance diagram are not perfect semicircles and is due to frequency dispersion. Values of Cdl decrease with the increase in concentration of AMQ and in the presence of synergistic cations also the decrease the value for Cdl. The decrease in the Cdl values can be attributed to the adsorption of AMQ and synergistic cations and anions on the metal surface. IE was calculated on the basis of the Impedance parameters such as Rct and Cdl. Maximum IE was found to be 86%   at 10-2M AMQ. IE of 10-3M AMQ was found to be 71% and increasing IE in the presence of cations and I-  was found to be 95%. This tremendous enhancement in IE of AMQ in the presence of synergistic cations and anions can be attributed to the joint adsorption of AMQ, cations and anions on MS surface. The values of IE enhances from 13% to 70%, 60% and 95% in the presence of synergistic chlorides, bromides and iodides respectively. 



TABLE – 13

VALUES OF IMPEDANCE PARAMETERS RCt AND Cdl FOR 10-3AMQ + CATIONS AND EFFECT WITH IODIDE IONS

	S.NO
	Conc.  (M)
	Conc of anions (M)
	Rct
(ohms)
	IE(%)
	Cdl x 10-5
(( farads)
	(

	1
	Blank
	-
	10.768
	-
	4.1236
	-

	2.
	10-3
	-
	153.21
	71.10
	1.44326
	0.65

	3.
	Na+
	-
	36.86
	70.78
	3.010
	0.27

	4.
	Mg2+
	-
	26.86
	59.91
	2.9277
	0.29

	5.
	Na+
	I-
	217.01
	95.03
	0.49832
	0.88

	6.
	Mg2+
	I-
	140.98
	92.36
	0.57734
	0.86





TABLE 14

VALUES OF IMPEDANCE PARAMETERS RCt AND Cdl FOR 10-3AMQ AND ANIONS

	S.NO
	Conc.  (M)
	Rct
(ohms)
	IE(%)
	Cdl x 10-5 
(( farads)
	(

	1
	Blank
	10.768
	-
	9.45095
	-

	2
	Cl-
	36.66
	70.78
	3.4968
	0.63

	3
	Br-
	12.537
	59.91
	4.2592
	0.55

	4
	I-
	322.25
	95.03
	1.32313
	0.86


FIG.18 

SYNERGISTIC EFFECT OF ANIONS AND CATIONS ON IE OF AMQ BY VARIOUS TECHNIQUES
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Mechanism of the inhibition


According to Machu, the inhibitors function by getting uniformly adsorbed over the entire metal surface. Mann has suggested that organic substances which can form onium ions form cations in acidic solutions and thus getting adsorbed on the cathodic portion of the metallic surface. Most organic inhibitors are compounds with at least one polar unit, having atoms of nitrogen, sulphur, oxygen, and in some cases selenium and phosphorous. The polar unit is usually regarded as the reaction center for the chemisorption process. In such case the adsorption bond strength is determined by the electron density on the atom acting as the reaction centre and by polarisabilty of the unit. According to Hackermann, amine type inhibitors have electron donating ability and their action is attributed to the adsorption of the inhibitor molecules on the metal surface through an unshared pair of electrons belonging to the nitrogen atom. The same is applicable to sulphur and oxygen atoms. If the inhibitor molecule is in an ionic form for example, phenols, it may also get attached to the metal surface by electrostatic attraction to the anodic or cathodic sites depending on the molecule or ion. According to Hayakawa et.al., sorption depends on the strength of the bond between metal and  inhibitor; chelation will result in chemisorption 

· In the current investigation AMQ was selected as the potential inhibitor for MS acid corrosion. 

· A skeletal representation of the proposed mode of adsorption of the studied compound is shown clearly indicates the active adsorption centers. Most probably the adsorption takes place through the secondary amine nitrogen and the OH group. The phenyl rings are in the plane and lie flat on the surface.
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· The effectiveness of the compound as corrosion inhibitor depends on the structure of the organic compounds. 

· The inhibition of corrosion caused by the condensation products can be due to interaction between  electrons of benzene ring and lone pair of electrons present on Nitrogen and Oxygen atoms with the positively charged metal surface. 

· Presence of imido group (N-H) also plays a major role in increasing inhibition efficiency. The variation in the inhibive performance mainly depends on the nature of the inhibitor molecule.

This can be explained on the basis of presence of an additional bond between C atoms(C=C) in conjugation with C=N group. These extensively delocalize  electrons and favor a greater adsorption on the metal surface. All the observation mentioned confirm the efficiency and adsorption on the metal surface.


Synergistic effects describe the increase in effectiveness of corrosion in the presence of another substance in the corrosive medium. This phenomenon has been long been known and is frequently utilized in practice , but even in the case of inhibitors mixtures commonly used in the industry , the true reason for their beneficial action is un known.


Synergism in the inhibitors is expressed by various authors in a manner dependant upon the criterion accepted for the additive action of the inhibitor mixture. However, a simple summation of the effectiveness of individual inhibitors is inaccurate.


The results of the study of “Amodiaquine – as a healing medicine for corrosion of mild steel in acid medium and synergistic effect of halides and cations on the efficacy of AMQ” show that halide ions decreased the corrosion rate of MS in H2SO4. A steady decrease in the corrosion rate is observed by adding the iodide, bromide and chloride ions. The decrease is maximum with iodide ions. The activating or passivating effect of the anions on the ionic exchange of metal/solution interface depends upon two factors.

· The deformability of the anion, which enables it to displace the existing adsorbed species, when this property is strong enough, surface compounds which are resistant may be, formed which enables inhibition. 

· The ability of the anion to form soluble metal complexes which activates the corrosion process.


Both bromide and iodide are able to form surface compounds by covalent linkage whereas chloride do no have this ability. This explains the inhibition shown by bromide and iodide. When the adsorption is strong enough to resist hydrolysis, there is inhibition. Addition of halide in acid medium enhanced the IE of AMQ considerably. Iodide was found to be more effective than both chloride and bromide. The enhanced inhibition efficiency is due to joint adsorption of halide and inhibitor molecules. 

SUMMARY AND CONCLUSION


Because iron is the backbone of industrial construction, the inhibitor of iron corrosion in acid solutions of organic inhibitors have been reported by many scientists.

A large number of organic compounds have been reported as effective corrosion inhibitors. Most of the organic compounds are compounds with at least one functional polar group which facilitates their physical adsorption or chemisorption on metallic surfaces. Thus they affect the entire surface of a corroding metal when present in sufficient concentration forming a hydrophobic film on the metal surface, protecting the metal. The effectiveness of these inhibitors depends on the chemical composition, their molecular structure and their affinities for the metal surface. The temperature and the pressure of the system are also important. Certain types of organic acids and organic compounds containing nitrogen , sulphur and other elements increase the inhibition in the presence of oxygen by forming a coordinate type of bond with the metal atoms through the lone pair of electrons which these atoms possess (Dr.Abdulaziz et al., 1989)

In the present investigation efforts are taken to analyze the inhibitive action of AMQ on MS. Corrosion in acid medium by varying the concentration of AMQ with different intervals of time at room temperature and higher temperatures. 


The synergistic influence of cations and anions on the inhibition of corrosion of MS in the presence of AMQ inhibitor using weight loss measurements was carried out. Electrochemical measurements are carried out in the presence and absence of inhibitor and the nature of inhibition process are also found. The adsorption of inhibitor on MS surface obey Langmuir adsorption isotherm.
The data generated during the current investigation is summarized as follows.


1. IE increases with the increasing concentrations of AMQ and the maximum efficiency (%) is found at 10-2M.

2. Optimum time of immersion is found to be ½ hr for  maximum efficiency 

3. AMQ was proved to be a promising inhibitor at room temperature.

4. Synergistic influence of cations and anions in the presence of AMQ inhibitor was found to be effective.

5. There is an enhancement of inhibition efficiency of AMQ in the presence of halide ions. This is due to the joint adsorption of inhibitor and halide ions on the MS surface 

6. The adsorption of AMQ obeys Langmuir adsorption isotherm, thereby indicating the main process of inhibition is due to adsorption.

7. The values of Ea and thermodynamic parameters confirm the strong interaction of the inhibitor on MS.

8. Potentiodynamic studies reveal the inhibitor under study retards the metal dissolution as well as hydrogen evolution reactions.

9. Potentiodynamic curves of MS in the presence of 10-3M AMQ and synergistic cations and anions retard both the cathodic and anodic reactions.

10. Ecorr values do not change significantly in the presence of inhibitor and synergistic cations and anions. This confirms the mixed type nature of the inhibitor. 

11. The values of ba and bc changes in the presence of inhibitor and this indicates the mixed type nature of the inhibitors.

12. The decreasing Icorr value compared to blank indicate the inhibitive nature of the inhibitor and IE enhanced in the presence of synergistic cations and anions.
13. Increasing Rp values, Rct value decreasing Cdl values indicate that the inhibition is taking place, through the process of adsorption.
14. The synergistic effect of anions and cations on AMQ is due to joint adsorption of AMQ and cations.
15. Results obtained by various techniques are quite comparable.
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� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Statue.htm" �Statue of Liberty�, 


� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Guggenheim-B.htm" �Guggenheim Museum (Bilbao)�, 


� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Colossus.htm" �Colossus�,


� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Christ-restoration.htm" �Christ the Redeemer� 


� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Washington.htm" �Washington Monument�


� HYPERLINK "http://www.corrosion-doctors.org/Landmarks/Goldengate.htm" �Golden Gate bridge�, 








�      �     1. Localized Corrosion





Filiform�
Occurs on metallic surfaces coated with thin organic� film,�
�






Crevice�
Corrosion in narrow openings or spaces in metal component sites�
�






Pitting�
Extremely localized corrosion marked by the development of pits�
�






Localized microbiological�
Biological organisms are the sole cause


�
�









�2. General / Uniform Corrosion





Atmospheric  degradation when exposed to air





Galvanic when a metal or alloy is electrically coupled to another  metal 











Stray current	caused by an externally induced electrical current 








6.Filiform 








General or biological when surface is exposed to aqueous environments








Molten salt  due to molten or fused salts 








Liquid metalsfound in liquid metal /containment/combinations





High temperature  direct exposure to oxidizing elements at high temperature.











3. Mechanically assisted degradation





Erosion�
removal of surface material by the action of numerous individual impacts of solid or liquid particles�
�






Cavitation& Water drop impingement�
impacts of solid or liquid particles removing surface material �
�






Fretting�
combined wear and corrosion between contacting surfaces�
�






Fatigue�
combined action of a cyclic stress and a corrosive environment�
�
�
�
�
�
�
�






4.Environmentally induced cracking





Hydrogen damage�
combined action of hydrogen and residual or tensile stress�
�






Liquid metal embrittlement�
brittle failure of a normally ductile metal when coated with a thin film of a liquid metal �
�






Solid metal embrittlement�
occurs below the melting point of the solid in certain liquid metal embrittlement couples�
�






�5. Metallurgically influenced corrosion





Intergranular�
occurs when the corrosion rate of the grain boundary areas of an alloy exceeds that of the grain interiors �
�






Dealloying�
characterized by the preferential removal of one constituent of an alloy leaving behind an altered residual structure�
�






�
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   linear polarizationn 
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FIG .9


POTENTIODYNAMIC POLARISATION CURVES FOR THE MS IN 0.5M H2SO4 IN THE PRESENCE OF 10-3M AMQ








FIG.10�IMPEDANCE MEASUREMENTS  MS IN O.5M H2SO4 IN THE �PRESENCE OF AMQ
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FIG 14


POTENTIODYNAMIC POLARIZATION CURVES FOR THE MS IN 0.5M H2SO4 IN THE PRESENCE OF 10-3M AMQ AND 10-2M Na+ ,Mg+ AND I-








FIG 15


POTENTIODYNAMIC POLARIZATION CURVES FOR THE MS IN 0.5M H2SO4 IN THE PRESENCE OF 10-3M AMQ AND 10-2M OF ANIONS











FIG 16


IMPEDANCE MEASUREMENTS FOR MS IN O.5M H2SO4 IN �THE PRESENCE OF CATIONS AND  IODIDES 





FIG 17


IMPEDANCE MEASUREMENTS  FOR MS IN O.5M H2SO4 IN �THE PRESENCE OF ANIONS 
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				CONCENTARTION				INHIBITION EFFICIENCY

						303		313		323		333		343						1*10-5

				0.0001				1.7		4.7		4		13				1*10-4		1*10-4
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				0.001				8.3		12.42		12.85		25				1*10-3		1*10-2
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								73.5		81.6		83.45		99.3		75		86

								1		48.5		54.2		97.3

								2		52		62.7		97.6

								3		61.3		67.6		99.2

								4		81.6		83.45		99.3

																						0.88

								Rp		Icorr		Rct		Cdl		Wt loss						0.86

						AMQ		21.8		30.83		71		65		49

						Na+I-		93.6		90.36		70.78		88		98.5

						Mg+I-		89.8		86.31		59.21		86		98.1

				Icorr		Rp		Wt loss

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

				885.27		2.9470757471

				2965.44		3.4720891413

						0

				12037.9		4.0805507313

						0

						0

				580.87		2.7640789472

				2914.85		3.4646162106

				5043		3.7026889682

				11870.5		4.0744690124

				15168.2		4.1809340464

				4356.26		3.6391137924

				510.23		2.7077659902

				2759.6		3.4408461363

				4956.65		3.6951882535

				10937.2		4.0389061538

				13932.3		4.1440228174

				4896.47		3.689883098

				338.4		2.5294303544

				2090.72		3.3202958738

				4534.51		3.656530364

				8442.7		3.9264813575

				11349.8		4.0549882087

				11343.7		4.0547547325

				218.81		2.3400671661

				974.23		2.9886614989

				2050.5		3.3118597736

				6835.3		3.8347575804

				9201.6		3.9638633503

				14015.22		4.1465999194





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



AMQ

Br-

Cl-

I-

Conc(M)

I.E(%)



		0		0		0

		0		0		0

		0		0		0

		0		0		0



AMQ

Mg2+

Na+

Conc(M)

I.E(%)



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



AMQ

Na+I

Mg+I




_1271152590.xls
Chart2

		303		303		303		303		303

		313		313		313		313		313

		323		323		323		323		323

		333		333		333		333		333

		343		343		343		343		343

		353		353		353		353		353



1*10-4

5*10-4

1*10-3

5*10-3

1*10-2

Temperature

I.E(%)

1.7

35.52

43.36

63.21

75.79

1.7

3.2

8.3

30.59

67.66

4.7

10.8

12.42

20

63

4

4.9

12.85

32.73

45.53

13

18

25

40

50

13.8

17

18

43

53



Sheet1

		CONCENTRATION		INHIBITOR EFFICIENCY

				1/2 hr		3 hrs		6 hrs		12 hrs		24 hrs

		0.0001		1.7		13		9.75		17.4		10.52

		0.0005		35.52		20		15.68		21.5		1.69

		0.001		43.36		49		26.4		25.2		16.06

		0.005		63.21		60		53.19		44.76		25.72

		0.01		75.79		75		64.57		60		46

		TIME		INHIBITION EFFICIENCY

				0.0001		0.0005		0.001		0.005		0.01

		0.3		1.7		35.52		43.36		63.21		75.79

		3		13		20		49		60		75

		6		9.75		15.68		26.4		53.19		64.57

		12		17.4		21.5		25.2		44.76		60

		24		10.52		1.69		16.06		25.72		46

		concentration		inhbtr effcny																				conc		ie of various temperatures

				303		313		323		333		343		353

		0.0001		1.7		1.7		4.7		4		13		13.8												303		313		323		333		343		353

		0.0005		35.52		3.2		10.8		4.9		18		17										0.0001

		0.001		43.36		8.3		12.42		12.85		25		18										0.0005

		0.005		63.21		30.59		20		32.73		40		43										0.001

		0.01		75.79		67.66		63		45.53		50		53										0.005

																								0.01

		log

						log CR

				arrhenius plot

				0.0001		0.0005		0.001		0.005		0.01

		0.0033		2.947076		2.7640789472		2.7077659902		2.5294303544		2.3400671661

		0.00319		3.472089		3.4646162106		3.4408461363		3.3202958738		2.9886614989

		0.00309		3.73179		3.7026889682		3.6951882535		3.656530364		3.3118597736

		0.003		4.080551		4.0744690124		4.0389061538		3.9264813575		3.8347575804

		0.00291		4.207077		4.1809340464		4.1440228174		4.0549882087		3.9638633503

		0.00283		3.5574		3.6391137924		3.689883098		4.0547547325		4.1465999194

						energy of activation

		0.0001		-1796.0632352941		34389.4778071559		-2.1600376438

		0.0005		-2194.4551666641		42017.5446887519		1.7349757924

		0.001		-2334.3685450069		44696.486011581		2.9858307783

		0.005		-3142.8406297089		60176.4158204054		3.8204485763

		0.01		-3838.5356982306		73496.9880860908		4.0272933289

								0.0001

				0.0001		885.27		1872.45		1500.76		1331.09		982.66

				0.0005		580.87		1707.46		1402.06		1264.7		980.76

				0.001		510.23		1121.49		1222.69		1204.08		916.44

				0.005		338.4		874.37		778.33		890.11		815.68

				0.01		218.81		537.85		589.07		649.75		585.11

		0.0001				2.9470757471		3.2724102296		3.1763112459		3.1242074208		2.9924032781

		0.0005				2.7640789472		3.2323505384		3.1467665993		3.1019875186		2.991562745

		0.001				2.7077659902		3.0497954055		3.0873163603		3.0806553427		2.9621040367

		0.005				2.5294303544		2.9416952484		2.8911637702		2.9494436802		2.9115198138

		0.01				2.3400671661		2.730661173		2.7701669057		2.8127462882		2.7672375206

																		885.27

		slopes																2965.44

																		5391.87

																		12037.9

																		16109.3

																		3609.12

																		580.87

																		2914.85

																		5043

																		11870.5

																		15168.2

																		4356.26

																		510.23

																		2759.6

																		4956.65

																		10937.2

																		13932.3

																		4896.47

																		338.4

																		2090.72

																		4534.51

																		8442.7

																		11349.8

																		11343.7

																		218.81

																		974.23

																		2050.5

																		6835.3

																		9201.6

																		14015.22

				activation energy

				delta G calculation

														FREE ENERGY

		log C				303

		-4		0.017		-1.7621045965						CONCENTRATION		DELTA G VALUES

		-3.301		0.3552		-0.2589520717

		-3		0.4336		-0.1160339712

		-2.301		0.6321		0.2350560025

		-2		0.7579		0.4956171176

								313

		-4		0.017		-1.7621045965

		-3.301		0.032		-1.480725379

		-3		0.083		-1.0432912433						Temperature

		-2.301		0.3059		-0.3558425674						0.0001		0.0005		0.001		0.005		0.01

		-2		0.6766		0.3205919779				303		-124.2416736879		8595.7250026209		9424.5753717348		11460.7543545399		12972.1205578602		303		-0.1242416737		8.5957250026		9.4245753717		11.4607543545		12.9721205579

										313		-128.4740721594		1557.1481794626		4178.4142086531		8297.6332394588		12351.2419750271		313		-0.1284740722		1.5571481795		4.1784142087		8.2976332395		12.351241975

						323				323		2681.9307915169		5093.5308862203		5517.845609611		7039.9215555285		12192.561022219		323		2.6819307915		5.0935308862		5.5178456096		7.0399215555		12.1925610222

										333		2298.0125061689		2885.3514555142		5796.4598967454		9101.6448608468		10599.8035447151		333		2.2980125062		2.8853514555		5.7964598967		9.1016448608		10.5998035447

		-4		0.047		-1.3069950427				343		6009.4525731387		7105.7479400275		8296.9179019799		10273.2242791004		11429.39728844		343		6.0094525731		7.10574794		8.296917902		10.2732242791		11.4293972884

		-3.301		0.108		-0.9169410989				353		6386.9535363302		7109.4545348197		7312.515363935		10935.5209075665		12115.225668156		353		6.3869535363		7.1094545348		7.3125153639		10.9355209076		12.1152256682

		-3		0.1242		-0.848283345

		-2.301		0.2		-0.6020599913

		-2		0.63		0.2311388254						303		-251.539421891		0		0		0		0

												313		-822.4594342502		0		0		0		0

						333						323		3412.9392841896		0		0		0		0

												333		11399.4018882367		0		0		0		0

		-4		0.04		-1.3802112417		2298.0125061689

		-3.301		0.049		-1.2879844369

		-3		0.1285		-0.8313642638								303		313		323		333		343		353

		-2.301		0.3273		-0.3128754224						0.0001		-124.24		-128.47		2681.9		2298.01		6009.4		6386.9

		-2		0.4553		-0.077859725						0.0005		8595.73		1557.15		5093.5		2885.35		7105.7		7109.4

												0.001		9375.5		4178.4		5517.8		5796.45		8296.9		7312.5

						343						0.005		11838.9		82796		7039.9		9101.6		10273.2		10935.5

		-4		0.13		-0.8255759003						0.01		13400.1		12351.2		12192.5		10599.8		11429.3		12115.2

		-3.301		0.18		-0.6585413473								303		313		323		333		343		353

		-3		0.25		-0.4771212547						0.0001		-0.12424		-0.12847		2.6819		2.29801		6.0094		6.3869

		-2.301		0.4		-0.1760912591						0.0005		8.59573		1.55715		5.0935		2.88535		7.1057		7.1094

		-2		0.5		0						0.001		9.3755		4.1784		5.5178		5.79645		8.2969		7.3125

												0.005		11.8389		82.796		7.0399		9.1016		10.2732		10.9355

						353						0.01		13.4001		12.3512		12.1925		10.5998		11.4293		12.1152

		-4		0.138		-0.7956281794

		-3.301		0.17		-0.688629171

		-3		0.18		-0.6585413473

		-2.301		0.43		-0.1224064001

		-2		0.53		0.0521780117

														0		0		-2.6819		-2.29801		-6.0094		-6.3869

														-8.59573		-1.55715		-5.0935		-2.88535		-7.1057		-7.1094

														-9.3755		-4.1784		-5.5178		-5.79645		-8.2969		-7.3125

														-11.8389		-82.796		-7.0399		-9.1016		-10.2732		-10.9355

														-13.4001		-12.3512		-12.1925		-10.5998		-11.4293		-12.1152
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				log C		q/(1-q)

						303		313		323		333		343		353

				-4		-1.7621045965		-1.7621045965		-1.3069950427		-1.3802112417		-0.8255759003		-0.7956281794

				-3.301		-0.2589520717		-1.480725379		-0.9269489978		-1.2879844369		-0.6585413473		-0.688629171

				-3		-0.1160339712		-1.0432912433		-0.848283345		-0.8313642638		-0.4771212547		-0.6585413473				0.04931		-1.3070649975

				-2.301		0.2350560025		-0.3558425674		-0.6020599913		-0.3128754224		-0.1760912591		-0.1224064001

				-2		0.4956171176		0.3205919779		0.2311388254		-0.077859725		0		0.0521780117

				0.017		0.017		0.047		0.04		0.13		0.138

				0.3552		0.032		0.1058		0.049		0.18		0.17

				0.4336		0.083		0.1242		0.1285		0.25		0.18

				0.6321		0.3059		0.2		0.3273		0.4		0.43

				0.7579		0.6766		0.63		0.4553		0.5		0.53
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				1.7181299266		0.4407145944		0.25		0.4865467519		0.6666666667		0.7543859649

				3.1305245766		2.0921459493		1.7027027027		0.8358729576		1		1.1276595745
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				CONCENTARTION				INHIBITION EFFICIENCY

						303		313		323		333		343

				0.0001				1.7		4.7		4		13

				0.0005				3.2		10.8		4.9		18

				0.001				8.3		12.42		12.85		25

				0.005				30.59		20		32.73		40

				0.01				67.66		63		45.53		50

				Concentration				AMQ				Cl-

										Br-

				AMQ		Anions										mg		na

				-		2-Oct		-		46.9		45.6		99.3

				31-Dec				22.8		48.5		54.2		97.3		11.5		21

								24.3		52		62.7		97.6		20		33

								48.4		61.3		67.6		99.2		34.7		53.6

								73.5		81.6		83.45		99.3		75		86

								1		48.5		54.2		97.3

								2		52		62.7		97.6

								3		61.3		67.6		99.2

								4		81.6		83.45		99.3

																						0.88

								Rp		Icorr		Rct		Cdl		Wt loss						0.86

						AMQ		21.8		30.83		71		65		49

						Na+I-		93.6		90.36		70.78		88		98.5
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		CONCENTRATION		INHIBITOR EFFICIENCY
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		0.0001		1.7		13		9.75		17.4		10.52

		0.0005		35.52		20		15.68		21.5		1.69
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						343						0.005		11838.9		82796		7039.9		9101.6		10273.2		10935.5
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		0.3		1.7		35.52		43.36		63.21		75.79

		3		13		20		49		60		75

		6		9.75		15.68		26.4		53.19		64.57
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		-3.301		0.3552		-0.2589520717
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		-3		0.25		-0.4771212547						0.0001		-0.12424		-0.12847		2.6819		2.29801		6.0094		6.3869
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		-3.301		0.17		-0.688629171
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				11349.8		4.0549882087

				11343.7		4.0547547325

				218.81		2.3400671661

				974.23		2.9886614989

				2050.5		3.3118597736

				6835.3		3.8347575804

				9201.6		3.9638633503

				14015.22		4.1465999194





		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0
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303K

313K

323K

333K

343K

353K

log C

log( q/1-q)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		

				CONCENTARTION				INHIBITION EFFICIENCY

						303		313		323		333		343						1*10-5

				0.0001				1.7		4.7		4		13				1*10-4		1*10-4

				0.0005				3.2		10.8		4.9		18				5*10-4		1*10-3

				0.001				8.3		12.42		12.85		25				1*10-3		1*10-2

				0.005				30.59		20		32.73		40				5*10-3

				0.01				67.66		63		45.53		50				1*10-2

												1*10-4

				Concentration				AMQ				Cl-

										Br-				I-

				AMQ		Anions										mg		na

				-		2-Oct		-		46.9		45.6		99.3

				31-Dec				22.8		48.5		54.2		97.3		11.5		21

								24.3		52		62.7		97.6		20		33

								48.4		61.3		67.6		99.2		34.7		53.6

								73.5		81.6		83.45		99.3		75		86

								1		48.5		54.2		97.3

								2		52		62.7		97.6

								3		61.3		67.6		99.2

								4		81.6		83.45		99.3

																						0.88

								Rp		Icorr		Rct		Cdl		Wt loss						0.86

						AMQ		21.8		30.83		71		65		49

						Na+I-		93.6		90.36		70.78		88		98.5

						Mg+I-		89.8		86.31		59.21		86		98.1

				Icorr		Rp		Wt loss

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

						0		0		0		0		0

				885.27		2.9470757471

				2965.44		3.4720891413

						0

				12037.9		4.0805507313

						0

						0

				580.87		2.7640789472

				2914.85		3.4646162106

				5043		3.7026889682

				11870.5		4.0744690124

				15168.2		4.1809340464

				4356.26		3.6391137924

				510.23		2.7077659902

				2759.6		3.4408461363

				4956.65		3.6951882535

				10937.2		4.0389061538

				13932.3		4.1440228174

				4896.47		3.689883098

				338.4		2.5294303544

				2090.72		3.3202958738

				4534.51		3.656530364

				8442.7		3.9264813575

				11349.8		4.0549882087

				11343.7		4.0547547325

				218.81		2.3400671661

				974.23		2.9886614989

				2050.5		3.3118597736

				6835.3		3.8347575804

				9201.6		3.9638633503

				14015.22		4.1465999194
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AMQ

Br-
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Conc(M)

I.E(%)
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AMQ
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Conc(M)

I.E(%)



		0		0		0
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		0		0		0



AMQ

Na+I

Mg+I




_1271011595

_1271067484

_1268995796

