CORROSION RATES OF MILD STEEL 
IN THE PRESENCE OF THE 
ACIDIC EXTRACTS OF THE LEAVES OF Macrotyloma uniflorum

By  

S. SUMA
(05 PAC 16)

A  Dissertation Submitted To The 

AVINASHILINGAM UNIVERSITY FOR WOMEN,

COIMBATORE – 641043.

In Partial Fulfillment of the Requirements 

for the Degree of 
MASTER OF SCIENCE IN APPLIED CHEMISTRY
MAY – 2007

[image: image10.emf]POTENTIODYNAMIC POLARIZATION OF MILD STEEL IN 1 M 

HCL IN THE PRESENCE  AND IN THE ABSENCE OF THE 

INHIBITOR

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

-1.00

-0.75

-0.50

-0.25

0

I (Amps/cm

2

)

E (Volts)

BLANK HCL+MU.COR

BLANK HCL+0.1 ml+MU.COR

BLANK HCL+1.5 ml+MU.COR

BLANK HCL+3 ml+MU.COR


ACKNOWLEDGEMENT

It is with the choicest blessings and divine grace of the God Almighty that any human endeavour is achieved. In addition to the will of the Supreme Divinity, the success of the project lies in the hands of many persons who have helped and guided me in completing this project. I take this opportunity to express my sincere thanks and gratitude to each and every one of them who had supported me.


I wish a grateful thanks to Hon. Dr. K. Kulandaivel, M.A., M,A.,(Ohio State), Ph.D.(Madras), Former Chancellor, Avinashilingam University  for Women, Coimbatore, for providing the opportunity to conduct my investigation in this esteemed University.

I record my heartfelt thanks to Mr. T.K. Shanmuganandam, B.A., B.L., Chancellor, Avinashilingam University for Women, Coimbatore, for the provision of a conductive and congenial ambience for the execution of research work.

I extend my respectful thanks to Dr. Saroja Prabhakaran, M.A., Dip.M.Ed.,(Chennai), Ph.D.,(Mother Teresa), Vice Chancellor, Avinashilingam University for Women, Coimbatore, for providing all the facilities essential to carry out and complete the study.

I thank immensely Dr. Gowri Ramakrishnan, M.Sc.,(Madras), M.Phil., Ph.D.,(Avinashilingam), Registrar, Avinashilingam University for Women, Coimbatore, for the timely help rendered to carry out the work.

My   overwhelming   gratitude and sincere thanks goes to Dr. (Mrs). R. Parvatham, M.Sc., Dip. Ed., M.Phil.,(Madras), Ph.D.,(Avinashilingam), Dean and Head, Department of Bio-Chemistry, Faculty of  Science, Avinashilingam University for Women, Coimbatore, for her for her support and encouragement.


I feel extremely proud and privileged to have been able to work under the able guidance of Dr. Mrs. R. Shyamala, M.Sc., Dip. Ed., (Madras), M.Phil., (Bharathiar), Ph.D., (Avinashilingam), Professor and Head, Department of Chemistry, Avinashilingam University for Women, Coimbatore, for her meticulous care, guidance, patience, unflinching encouragement, innovative ideas, constructive thoughts, constant support and motivation right from the selection of the topic to the completion of the work.

I also wish to thank all the Staff Members of the Chemistry Department, Avinashilingam University for Women, Coimbatore, who rendered their help whenever required.

I express my thanks to Mr.C. Arumugam, for helping me in the collection of my source of inhibitor.

I cordially thank my beloved parents, brothers and other family members for their motivation, encouragement, prayer and lovable care which have been the source of strength.

I am forever grateful to my friends for their moral support and multifarious assistance through out the work.

   S. SUMA

	S. No.
	TITLE
	Page No.

	
	LIST OF ABBREVIATIONS
	

	
	LIST OF TABLES
	

	
	LIST OF FIGURES
	

	1
	INTRODUCTION
	1

	2
	REVIEW OF LITERATURE
	16

	3
	MATERIALS AND METHODS
	28

	4
	RESULTS AND DISCUSSION
	38

	5
	SUMMARY AND CONCLUSION
	73

	
	REFERENCE
	


CONTENTS

LIST OF ABBREVIATIONS

MUL


(
Macrotyloma uniflorum leaves 

HCl


(
Hydrochloric Acid

H2SO4

(
Sulphuric Acid

C.R


(
Corrosion Rate

I.E


(
Inhibitor Efficiency

MS


(
Mild Steel

Conc.


(
Concentration

Icorr


(
Corrosion Current Density

Ecorr


( 
Corrosion Potential

Reg. Coeff 

(
Regression Coefficient

bc


(
Cathodic Tafel Slope

ba


(
Anodic Tafel Slope

Rp


(
Polarization Resistance

Rct


(
Charge Transfer Resistance

Cdl


(
Double Layer Capacitance

LPR


(
Linear Polarization Resistance

ml


(
Milli litre

h


(
Hour

mV


( 
Milli volt

LIST OF TABLES

	S. NO.
	TITLE
	PAGE NO.

	1
	Elemental Analysis
	29

	2
	Corrosion rate and Inhibitor efficiency of MS in 1M HCl in the presence of MUL
	45

	3
	Corrosion rate and Inhibitor efficiency of MS  in 0.5M H2SO4 in the presence of  MUL
	46

	4
	Comparison of % I.E of effect of acid extracts of Macrotyloma uniflorum leaves against corrosion of mild steel in 1M HCl and 0.5M  H2SO4
	47

	5
	Variation of inhibition efficiency and corrosion rate of MS in 1M HCl in presence of Macrotyloma uniflorum at various temperatures
	48

	6
	Variation of inhibition efficiency and corrosion rate of MS in 0.5M  H2SO4 in presence of Macrotyloma uniflorum at various temperatures
	49

	7
	Energy of activation
	50

	8
	Electrochemical parameters and % I.E for mild steel  in 1M HCl with  Macrotyloma uniflorum
	51

	9
	Electrochemical parameters and % I.E for mild steel  in 0.5M  H2SO4 with  Macrotyloma uniflorum

	52

	10
	Comparison of Inhibitor efficiency by Electrochemical and Non-Electrochemical methods - for 1M HCl
	53

	11
	Comparison of Inhibitor efficiency by Electrochemical and Non-Electrochemical methods - for 0.5M H2SO4
	53

	12
	Linear regression analysis of various isotherms - Inhibitor  Macrotyloma uniflorum in 1M  HCl
	54

	13
	Linear regression analysis of various isotherms - Inhibitor  Macrotyloma uniflorum in 0.5M  H2SO4
	55

	14
	Thermodynamic parameter for the equilibrium adsorption of Macrotyloma uniflorum on mild steel from Temkin isotherm
	56


LIST OF FIGURES

	S. NO.
	TITLE
	PAGE NO.

	1
	Macrotyloma uniflorum – Horse gram
	14

	2
	MUL extract in acid medium
	31

	3
	Solartron 1280 B
	37

	4
	Three electrode cell
	37

	5
	Effect of concentration of MU on the corrosion inhibition of mild steel in 1M HCl
	57

	6
	Effect of concentration of MU on the corrosion inhibition of mild steel in 0.5M  H2SO4
	57

	7
	Inhibitor efficiency as a function of concentration and time of immersion of MU leaves in 1M HCl
	58

	8
	Inhibitor efficiency as a function of concentration and time of immersion of MU leaves in 0.5M  H2SO4
	58

	9
	Effect of immersion time of inhibition efficiency of mild steel in 1M HCl
	59

	10
	Effect of immersion time of inhibition efficiency of mild steel in 0.5M  H2SO4
	59

	11
	Variation of corrosion rate for different concentrations of MU at different temperatures in 1M HCl
	60

	12
	Variation of corrosion rate for different concentrations of MU at different temperatures in 0.5M  H2SO4
	60

	13
	Arrhenius plot of the corrosion rate for MS in 1M HCl at different concentrations of MU
	61

	14
	Arrhenius plot of the corrosion rate for MS in 0.5M  H2SO4 at different concentrations of MU
	61

	15
	Langmuir Isotherm plots for the adsorption of MU on mild steel in 1M HCl
	62

	16
	Langmuir Isotherm plots for the adsorption of MU on mild steel in 0.5M  H2SO4
	62

	17
	Temkin Isotherm plots for the adsorption of MU on mild steel in 1M HCl
	63

	18
	Temkin Isotherm plots for the adsorption of MU on mild steel in 0.5M  H2SO4
	63

	19
	Freundlich Isotherm plots for the adsorption of MU on mild steel in 1M HCl
	64

	20
	Freundlich Isotherm plots for the adsorption of MU on mild steel in 0.5M  H2SO4
	64

	21
	Impedance parameters for different concentrations of Macrotyloma uniflorum in 1M HCl
	65

	22
	Impedance parameters for different concentrations of Macrotyloma uniflorum in 0.5M  H2SO4
	65

	23
	Comparision of inhibition efficiency by electrochemical and non-electrochemical methods – 1M HCl
	66

	24
	Comparision of inhibition efficiency by electrochemical and non-electrochemical methods – 0.5M  H2SO4
	66

	25
	Potentiodynamic polarization of mild steel in 1M HCl in the presence and in the absence of inhibitor MUL
	67

	26
	Potentiodynamic polarization of mild steel in 0.5M  H2SO4 in the presence and in the absence of inhibitor MUL
	68

	27
	Nyquist plot for corrosion of mild steel in 1M HCl in the presence and in the absence of inhibitor MUL
	69

	28
	Bode plot for corrosion of mild steel in 1M HCl in the presence and in the absence of inhibitor MUL
	70

	29


	Nyquist plot for corrosion of mild steel in 0.5M  H2SO4 in the presence and in the absence of inhibitor MUL
	71

	30
	Bode plot for corrosion of mild steel in0.5M  H2SO4 in the presence and in the absence of inhibitor MUL
	72


INTRODUCTION

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

Corrosion is largely an electrochemical phenomenon which may be defined as destruction of metals by electrochemical or chemical agencies. It is an electrochemical process because corrosion involves the transfer of electrons between metal surface and an aqueous medium. Fortunately, most useful metals react with the environment to form more or less protective films of corrosion reaction products that prevent the metal from going into solution as ions.

1.1 CLASSIFICATION OF CORROSION:

Corrosion has been classified in many different ways. Based on the mechanisms the corrosion can be divided into two types.

1.1.1 Direct Chemical corrosion (Dry Corrosion)

It involves direct chemical reaction of a metal with its environment. There is no transport of electric charge and the metal remains film free. This would include corrosion in gaseous environment when the reaction product is volatile, corrosion in liquid metals, fused halides and organic liquids.

1.1.2 Electrochemical corrosion (Wet Corrosion) 

This occurs when aqueous solutions or liquid electrolytes are present. Here two partial reactions occur, one at each electrode. The anodic reaction is always the dissolution of the metal.
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Cathodic reaction may be

i) Hydrogen evolution

ii) Oxygen absorption 

iii) Metal deposition

Of these the first two are more probable. If the corrosive medium is highly acidic, hydrogen evolution is more likely.
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If the solution is sufficiently aerated, oxygen absorption occurs.

In fairly acidic medium,
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occurs.

In alkaline or neutral medium,
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During corrosion more than one oxidation or one reduction may occur. For example if more than one reduction occurs, then the oxidation viz., corrosion will be faster than when only one reduction occurs. This is because the total rate of oxidation must be equal to that of reduction.

1.2 FACTORS INFLUENCING CORROSION

The rate and extent of corrosion depends mainly on 

· Nature of metal 

· Nature of the environment

1.2.1 Nature of the metal
i) Position of metal in galvanic series

ii) Purity of metal

iii) Physical state of metal

iv) Relative areas of the anode and cathode 

v) Over voltage

vi) Energy of activation

vii) Nature of surface film

1.2.2 Nature of the environment
i) Temperature 

ii) Humidity

iii) pH

iv) Nature of ions present

v) Suspended particles

vi) Oxygen concentration

vii) Fluid velocity

1.3 CAUSES OF CORROSION

Most metal exist in nature in chemically combined forms called as ores. All the metals except gold, platinum and silver exist in nature in the form of their oxides, carbonates, hydroxyl carbonates, sulphides, chlorides and silicates etc., . These ores are reduced to their metallic states during extraction by supplying a large amount of energy. They have a natural tendency to revert back to combined state or lower energy state. Hence, when metals are put into use, in various forms, the metal surfaces begin to decay.
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1.4 COST OF CORROSION

 
Corrosion is a costly and severe materials science problem. Corrosion touches all inside and outside the home, on the road, on the sea, in the plant, and in aerospace vehicles. The cost of corrosion is only 20% of the loss. 
Losses due to corrosion could be direct or indirect.

1.4.1 Direct losses include,
Inability to use desirable materials, over design to allow for corrosion, the cost of repair or replacement of the corroded component or equipment and cost of anticorrosive painting or other protection methods.
1.4.2 Indirect losses include,
Contamination of the product, loss of valuable product from a container that has corroded through, damage of equipment adjacent to that in which corrosion failure occurs, loss of production, safety eg., sudden failure of equipment may cause fire, explosion or release of toxic product and appearance eg., corroded material is usually unpleasant to the eye.
1.5 LOSSES DUE TO CORROSION
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1.5.1 Waste of metal resources


Aside from its direct costs in dollars, corrosion is a serious problem, because it definitely contributes to the depletion of our natural resources. As resources are consumed, in the future, conservation and recycling will become watchwords – not catchwords.

1.5.2 Environmental impacts


Corrosion is not only expensive but also pose a significant risk to human life and safety. The fatal accident like the leak of methyl cyanide in a plant in Bhopal, India, cost many thousands of lives and blinded many thousands permanently.

1.5.3 Economical or social losses


This includes direct and indirect losses.

1.6 IMPORTANCE OF CORROSION STUDIES

It is nowadays necessary to pay more attention to metallic corrosion than was done earlier due to,

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

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

· Increasing use of metals in all fields of technology.

· Use of rare and expensive metals.

· Use of new high strength alloys which are usually more susceptible to certain types of corrosion attack.

1.7 CORROSION MONITORING 


The national corrosion service of the National Physical Laboratory (NPL, UK) has defined corrosion monitoring as:

“Any method used to observe or measure the progress of corrosion”.
1.7.1 PURPOSE OF CORROSION MONITORING
· Diagnosis of corrosion problems.

· Monitoring of corrosion control methods.

· Advanced warning of system upsets leading to corrosion damage.

· Invoke process controls.

· Determination of inspection and / or maintenance schedules.

· Estimation of use service life of equipment.

1.7.2 CORROSION MONITORING TECHNIQUES
Corrosion monitoring techniques have been classified into two main categories.



1) Weight loss method


1) Tafel extrapolation method

2) Gasometric method



2) Linear polarization method

3) Impedance spectroscopy

1.7.2.1 Weight loss method


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


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


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


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


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

1.7.2.2 Polarization Resistance Technique

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

· Cooling water system.

· Portable water treatment and distribution.

· Waste water treatment systems.

· Pickling and mineral extraction processes.

· Pulp and paper manufacturing.

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

1.8 CORROSION CONTROL METHODS

“It is better to control rather than to prevent corrosion, since it is impossible to eliminate corrosion” (Jain & Jain, 1992). Some of the corrosion control methods are,

1) Design improvement

2) Change of metal

· By selection of the material

· By using pure metal

· By alloying 

· By annealing

      3)   Change of environment 

· By removal of harmful constituents

· Deaeration 

· Dehumidification

· By addition of inhibitors

· By change of operating variables such as temperature, pH, viscosity, etc.,

      4)   Change of metal electrode potential

· Cathodic protection

· Sacrificial anodic protection

· Impressed current cathodic protection

      5)   Use of protective coatings

1.9 INHIBITORS

Inhibitors are those which incorporate themselves into corrosion product films in such a way as to increase the film’s capacity to prevent corrosion. The polar nature of some molecules promotes adsorption, but the idea that corrosion inhibitor films act as barriers is erroneous. In oil extraction and processing industries, they are the first line of defense against corrosion.


A particular advantage of corrosion inhibition is that, it can be implemented or changed in situ, without disrupting a process. The total consumption of corrosion inhibitors in the United States has doubled from approximately $600 million in 1982 to nearly $1.1 billion in 1998. A typically good inhibitor would give 95% inhibition at concentration of 0.008% and 90% at concentration of 0.004%.

1.9.1 DEFINITION OF INHIBITORS
· Inhibitor is a chemical substance, which when added in small concentration to an environment, minimizes or prevents corrosion (Riggs, 1973).
· Inhibitors are substances which when added in small quantity to a corrosive environment lower the corrosion rate (Raj Narayan, 1988).
1.9.2 STEPS OF INHIBITOR ACTION
· The transport of inhibitor to the metal surface 

· Chemical interaction between the inhibitor and the metal surface

1.9.3 CLASSIFICATION OF INHIBITORS
1.9.3.1 INTERFACE INHIBITORS

They inhibit by forming a film at the metal – environmental interface. Interface can be classified into liquid and vapour phase inhibitors.

a) Vapour – phase inhibitors (VPIs)


Temporary protection against atmospheric corrosion, particularly in closed environments can be achieved using vapour phase inhibitors. VPIs are more 

effective for ferrous than non-ferrous metals.

b) Liquid phase inhibitors 


They are further classified as anodic, cathodic and mixed inhibitors.

i) Anodic inhibitors


Anodic inhibitors are usually used in near-neutral solutions where sparingly soluble corrosion products, such as oxides, hydroxides or salts are formed. When its concentration is not sufficient, corrosion may be accelerated, rather than inhibited. They are also called passivating inhibitors.

ii) Cathodic inhibitors


Cathodic inhibitors either slow the cathodic reaction itself or selectively precipitate on cathodic on cathodic areas to increase the surface impedance and limit the diffusion of reducible species to there areas. They provide inhibition by three different mechanisms.

· Cathodic poisons

· Cathodic precipitates

· Oxygen scavenger

· Cathodic poisons are used advantageously as corrosion inhibitors by stifling the cathodic reduction processes that must balance the anodic corrosion reaction (eg.,) silicates, borates, phosphates.

· Cathodic precipitators increase the alkalinity at cathodic sites and precipitate insoluble compounds on the metal surface (eg.,) carbonates of calcium and magnesium.

· Oxygen scavenger is that chemical which reacts with dissolved oxygen to reduce corrosion such as sulfite and bisulfite ions combines with oxygen to form sulfate.

iii) Mixed inhibitors


About 80% of inhibitors are organic compounds that cannot be designated specifically as anodic or cathodic and are known as mixed inhibitors (eg.,) polyphosphates. They protect the metal in three possible ways.

· Physical adsorption

· Chemisorption

· Film formation

1.10 NEED FOR SELECTION OF NATURAL COMPOUND AS INHIBITOR


Inhibitors can be used to great advantage to suppress the corrosion of metals in many environments; there are certain limitations of this type of corrosion prevention which should be recognized. First, it may not be possible to add inhibitors to all corrosive systems because they may contaminate the environment. Further, many inhibitors are toxic and their application is limited in those mediums which will not be used directly or indirectly in the preparation of food or other products which will come in contact with humans. Inhibitors are primarily used in closed systems where the corrosive environment is either contained for long periods or re-circulated. Inhibitors are usually not practical in “once - through” system. Finally, inhibitors generally rapid lose their effectiveness as the concentration and temperature of the environment increase.


The resources of plant materials are rich and various in kind. Besides they contain many phyto-chemical constituents responsible for inhibition. They are soluble, low toxic and sometimes non-toxic. According to the quote (or) Hoover has well said,


“It is only through the elimination of waste and the increase in our national efficiency that we can hope to lower cost of living, on the one hand, and raise our standards of living, on the other. The elimination of waste is a total asset. It has no liabilities”.


Keeping the above quote in mind, our present study aims at evaluating the corrosion inhibition study using waste plant materials. Thereby elimination of waste and corrosion inhibition is done in one hand (or) hit in one stone.

PLANT PROFILE

Scientific name
:
Macrotyloma uniflorum
Common name
:
Horse gram

Botanical name 
:
Dolichos biflorus
Tamil name 

:
Kollu

Sanskrit name 

:
Kulattham

Kingdom

:
Plantae

Division 

:
Magnoliophyta

Class


:
Magnoliopsida

Order


:
Fabales

Family


:
Fabaceae

Sub-family

:
Faboideae

Tribe


:
Phaseoleae

Genus


:
Macrotyloma

Species

:
Uniflorum

Characteristics

:
Cultivated extensively in southern India (Smartt, 1990). It is a slender, sub-erect, annual herb with slightly twining, downy stems and branches. Flower is pale yellow. Pod is linear and flattened and contains 5-7 seeds. Usually known as green manure crop.
Description 
:
Climbing annual help with slender, slightly hairy stem. Three oblong leaflets, blunt at the apex, the terminal one 1.8-2.5cm long; the lateral ones are very unequal sided. Flower yellow, pods linear-oblong, slightly curved, sessile, 2.5-5.5cm long, smooth, 6-8 seeded, tipped with a persistent style 0.6 cm long (Andrews, 1952).

Distribution 
:
Native to,

Asia
:
Bhutan, China, India, Indonesia, Nepal, Pakistan, Philippines, Srilanka, Taiwan.

Africa
:
Angola, Botswana, Ethiopia, Kenya, Mosambique, Namibia, Somalia, South Africa, Tanzania, Uganda, Zimbabwe.

Australia
:
Australia.

Uses
:
Usually a pulse for live-stack, for human consumption, or a fodder crop, for production of sauce.

Soil
:
Adapts well drained soil to clay loams and    heavy clays but prefers near neutral soils.

Moisture

:
Indian collections = 600-2200mm cultivated in areas with rainfall as low as 300 mm/yr.

Temperature

:
Usually from about 18-27oC. Best growth is noticed from about 25o-35oC.

Soil pH

:
5/5.5 to 8.

Chemical constiutuents
:
Genistein, 2’-hydroxy genistein.
Fig .1 
Macrotyloma uniflorum – Horse gram





OBJECTIVES

· To investigate the effect of acid extracts of leaves of Macrotyloma uniflorum on the corrosion of mild steel in HCl and H2SO4.

· To determine the corrosion rate by weight loss method.

· To find the effect of extract concentration and immersion time on the corrosion rate of mild steel in acid media.

· To gain an insight on the inhibitive effect of acid extracts of Macrotyloma uniflorum at higher temperature to decide whether it could be used for preventing boiler corrosion.

· To evaluate the suitable concentration, time, temperature for maximum inhibition efficiency.

· To explore the values of activation energy from temperature studies.

· To study the adsorption kinetics of corrosion inhibition process.

· To fit the experimental data into various adsorption isotherms such as Langmuir, Temkin and Freundlich adsorption isotherm.

· To calculate the thermodynamic parameter such as (G adsorption.

· To correlate the results obtained by various techniques like weight loss and polarization method.

· To find the inhibition mechanism of the acid extracts of Macrotyloma uniflorum on the corrosion of mild steel in different acid mediums.

· To fix a suitable period of immersion for optimum inhibitor efficiency at room temperature.

· To find out the optimum concentration of the inhibitor for maximum inhibitor efficiency.

2. REVIEW OF LITERATURE


The present study on “Corrosion inhibition of MS using leaves of Macrotyloma uniflorum as an eco-friendly inhibitor for MS in acid medium” is reviewed under the following topics.

· Natural products as inhibitors

· Effect of natural product as inhibitors on mild steel.

· Corrosion behaviour of mild steel with varying parameters

· Effect of temperature, concentration and influence of exposure    time.

· Chemicals as inhibitors

2.1 NATURAL PRODUCTS AS INHIBITORS

Due to toxic nature and high cost of some chemicals currently used as inhibitors, it is necessary to develop environmentally acceptable and less expensive inhibitors. Natural products from plants exhibit high inhibition activity.


The aqueous extracts of some of the common plants have high inhibiting properties. The use of extracts offers many advantages.

· They can easily be obtained from ordinary and cheap resources.

· The presence of more than one organic product in the extracts fortified corrosion inhibition.

· Eco friendly.

· They have high surface activity.

· Bio degradable.

Due to the bio degradability, eco-friendliness, cost-effectiveness, less toxic and easy availability of leaves, the trend of using them has become increasingly important in the recent years. Greater research efforts have been directed towards formulating environmentally acceptable inhibitors.

2.1.1 EFFECT OF NATURAL PRODUCT AS INHIBITOR ON MS
· Acid extracts of Lawsonia inermis was proved to be an effective inhibitor for the corrosion of MS in both hydrochloric and sulphuric acid. It was observed that the inhibition increases with the increase in the concentration of the additive extracts in both the acid (Smita verma et al., 1997).
· Smita verma and G.N. Mehta (1999) investigated the effect of extracts of Acacia arabica on acid corrosion of MS. MS cylindrical electrode were completely immersed in both stagnant 0.1N HCl and H2SO4 solutions and open circuit potentials and polarization potentials were measured. In HCl inhibitive effect was much higher than in H2SO4, probably due to synergistic effect of chloride ions with the increase in the concentration of additive, the inhibition was also increased.

· Minhaj et al (1999) investigated the inhibition efficiency of the extracts of Agaricus, Hibiscus and Eucalyptus, and the extracts of Agaricus was found to be most promising with an inhibition efficiency of 86% followed by Hibiscus 80% and Eucalyptus 75%.

· The effect of cashew juice extract on corrosion inhibition of mild steel in HCl was investigated by Dr. C.A. Loto and A.I. Mohammed (2000). Weight loss and potential measurement techniques were used for the experimental work. The extracts from bark, provided no inhibition while nut-juice extract accelerates corrosion. Apple juice extracts at a concentration of 2ml/100ml of 0.1M HCl gives good results of corrosion inhibition.

· Natural honey exhibited a very good performance in the inhibition of corrosion of carbon steel in high saline water. The inhibition efficiency increases with an increase in concentration but after sometime, it decreases due to the growth of fungi in the medium (El Etre et al., 2000).
· Loto and Mohammed (2000) has observed that an evaluation of the effective performance of juices extracted from Anacordium occidentale on the corrosion inhibition of mild steel immersed in 0.1M HCl revealed that juice extracts obtained from the bark provided no inhibition for corrosion of mild steel while the nut juice extract accelerated the corrosion of the specimen.
·  Sethuraman et al (2001) observed the effect of Solanum trilobatum extract on the corrosion of mild steel in 5% HCl by weight loss measurement. It was found that inhibitor efficiency increased with increase in concentration and temperature. The presence of Solanaces alkaloid in the plant was identified as responsible for inhibition.

· Loto (2001) investigated the inhibition efficiencies of the extracts of mango bark and leaves as corrosion inhibitors. This study revealed that the combination of both the extracts gave very good results.

· The inhibitive action of acid extract of Andrograph’s paniculata on the corrosion of mild steel in hydrochloric acid and the results revealed that this plant extract has the potential to serve as corrosion inhibitor (Ramesh et al., 2001).
· Acid extracts of Psidium guajava (bark) and callistemon extract (leaves and flowers) were prepared and tried as corrosion inhibitor for mild steel using 1M HCl. From the results it was inferred that the inhibition efficiency increased with increase in inhibitor dose. Until the optimum concentration of 0.175% and the maximum inhibition efficiency was found to be 88.21% for Callistemon citrinus flowers and 84% for Psidium guajava bark (Manohari et al., 2001).
· The inhibition effect of Carissa carandes, the acidic corrosion of mild steel in 1M HCl and 0.5M H2SO4 was made. The investigation of the inhibitor proved to be a temperature resistant, and found to be eco friendly and cost effective. The maximum inhibition efficiency was found to be 93.53% in 1M HCl and 94.87% in 0.5M H2SO4 (Mathina et al., 2002).
· Chitra et al., (2003) studied the Phaselous aureus seeds extract on the corrosion of mild steel in 1M HCl and found that the inhibition efficiency increases with increase in inhibitor concentration and immersion time. An efficiency of 95.6% has been observed at 0.7%. Concentration at room temperature and slightly decreased to 93.58% at 65oC.

· The inhibition effect of Zenthoxylum alatum plant extract on the corrosion of mild steel in 20, 50 and 80% aqueous phosphoric acid was investigated by weight loss and electrochemical impedance spectroscopy plant extract was able to reduce the corrosion of steel more effectively in 88% phosphoric acid than in 20% phosphoric acid. Results on corrosion rate and inhibition efficiency indicated that this extract was effective up to 70oC in 88% phosphoric acid medium (Chauhan L.R et al., 2004).
· Sheyreese M. Vincent et al., (2005) investigated the effective environmentally safe inhibitors such as green tea. Green tea extracts contain significant amount of water soluble electrochemically active compounds as well as high concentration of alkaloids, fatty acids and N and O containing compounds. He found that both the leaf as well as plant waste are excellent sources of corrosion inhibitors and can replace a wide variety of current toxic and or polluting industrial inhibitors including tobacco.

· Corrosion inhibition of mild steel in 2M HCl and 1M H2SO4 by leaf extracts of Occimum viridis was studied using the gasometric technique at temperatures of 30o and 60oC. The results indicated that the extracts inhibit the corrosion process in both acid media and inhibition efficiency increased with concentration. Temperature studies revealed a decrease in efficiency with rise in temperature (Emeka E. Oguzie et al., 2005).
2.2 CHEMICALS AS INHIBITORS

· Quraishi et al (1997) carried out the influence of some substituted benzothiazole namely 

2-amino benzothiazole (ABT)

2-amino-6-chloro benzothiazole (ACLBT)

2-amino-6-methyl benzothiazole (AMEBT)

2-amino-6-methoxy benzothiazole (AMEOBT)

on the corrosion of mild steel in 0.5M H2SO4 acid solution by weight loss and electrochemical techniques. 2-amino-6-chloro benzothiazoles showed the best performance even at higher temperature.

· Mernari et al., (1998) investigated the effect of 3,5-bis(n-pyridyl)-4-amino-1,2,4-triazoles (n-PAT) on the corrosion of mild steel in 1M HCl using weight loss tests and electrochemical impedance spectroscopy. The absorption of (n-PAT) on the steel surface obeys the Langmuir adsorption isotherm.

· Santhosh Sharma et al., (1999) studied the effect of methyl red as corrosion inhibitors for mild steel in 1M HCl and H3PO4 solution. The influence of parameters like inhibitor concentration and temperature has been investigated. The value of inhibitor efficiency obtained from weight loss measurements has been found in good agreement with those obtained from polarisation studies. The adsorption of the inhibitor has been found to follow Langmuir adsorption isotherm equation.

· J. De Damborenea et al., (1999) inferred the influence of butyl group as substituent in n-butylamine used as a mild steel corrosion inhibitor in hydrochloric acid solution. N-butylamine, dibutylamine and tributylaime were studied in concentrations from 10-4 to 1M and in the temperature range 278-308K using electrochemical, gravimetric and surface roughness techniques. The three inhibitors adsorbed on the mild steel according to a Frumkin isotherm.

· The inhibitor effect of 3,5-diphenyl-4H-1,2,4-triazole (DHT) in hydrochloric acid solution was investigated at 30oC using electrochemical and weight loss measurements. DHT appears to function through the general adsorption mode following the Langmuir adsorption isotherm model. DHT acts as mixed type inhibitors and efficiency up to 98% can be obtained (Michael Traisnel et al., 2000).
· B. Mernari et al., (2001) studied the inhibitive effect of 2,5-bis (n-pyridyl)-1,3,4-thiadiazoles (n-PTH) on the corrosion of mild steel in 1M HCl and 0.5M H2SO4 using weight loss and electrochemical impedance spectroscopy. The adsorption of n-PTH on the mild steel surface in both acidic media follows a Langmuir isotherm model.

· The inhibitive nature of a mixture of water soluble compound on mild steel in 0.02M HCl was carried out by Sivakamasundari. S et al., (2001) using weight loss and polarization methods. The corrosion rate of mild steel decreased with increase in concentration of the inhibitor. Polarization data showed that the inhibitor behaved as cathode.

· The influence of dimethyl sulphoxide on hydrogen permeation and corrosion inhibition of mild steel on 1N HCl and 1N H2SO4 using weight loss measurements, gasometric studies, galvanometric studies and hydrogen permeation measurements was carried out. It was found to perform as a mixed type corrosion inhibitor. It was found to obey Temkin’s adsorption isotherm (Madhavan et al., 2001).

· M.A. Quraishi et al (2001) studied the influence of three Claisen-Schmidt products on corrosion of mild steel in sulphuric acid using weight loss and potentiodynamic polarization techniques. Inhibition efficiency varied with the nature and concentration of the inhibitors. Potentiodynamic results revealed that the condensation products acted as mixed inhibitors in 10% sulphamic acid. Adsorption on the metal surface obeyed Temkin’s adsorption isotherm.

· K. Sokolova et al., (2002) investigated the effect of benzimidazole derivatives on mild steel corrosion in 1M HCl at five different temperature has been studied. Impedance, polarization resistance, polarization curves measurements, and gravimetric methods have been used. The inhibiting efficiency and the apparent activation energy (Ea) have been calculated in the presence and absence of the organic inhibitors.

· K. Madhavan et al., (2002) inferred the influence of anions such as chloride and sulphate P-tolylthiourea (PTTU) in 1N HCl and 1N H2SO4 using weight loss and gasometric measurements, galvanostatic polarization studies and ac impedance measurements. The adsorption of P-tolylthiourea on the mild steel surface from both the acids obeys Temkin’s isotherm.

· B. Hammouti et al., (2002) found the effect of new class of corrosion inhibitors namely 4-methoxy chalcone (A1) and dichalcone (A2) on the corrosion of mild steel in 1M HCl using various techniques. The maximum inhibition efficiency reached 81% at 10 -4 M. A1 acts as mixed inhibitors and its adsorption obeys Temkin’s isotherm model.

· J.T. Patel et al., (2003) studied the corrosion behaviour of mild steel in sulphuric acid solution in presence of aliphatic amines viz. n-propylamine, n-butylamine, n-amylamine, triethylamine and ethylenediamine using conventional weight loss and thermometric techniques. All these inhibitors obey Langmuir adsorption isotherm equation. Reaction number (RN), temperature difference ((T) as well as time to reach Tmax ((t) were calculated by thermometric technique.

· M.A. Quraishi and Danish Jamal (2003) studied the influence of some substituted dianils on corrosion of mild steel in 1N HCl and 1N H2SO4 using weight loss and electrochemical techniques. Inhibition efficiency of these compounds has been found to vary with nature and concentration of these compounds, solution temperature, immersion time and nature of acid solution. The values of activation energy and free energy of adsorption of all the dianils were calculated to investigate the mechanism of corrosion inhibition.

· R.A. El – Ghazawy et al., (2003) analyzed the corrosion inhibition of some surfactants derived from maleic – oleic acid adduct on mild steel in 1M  H2SO4. The potentiodynamic data show that triethanol ammonium salt of MO adduct (TEASMO) exhibit minimum inhibitive efficiency 65% and 95% with polyoxyalkylated MO adduct (POAMO - 23).

· Stijn F.L. Mertens et al., (2003) studied two newly synthesized Schiffs bases [H2A, N,N’-ortho-phenylene (salicylic aldimine acetylacetoneimine) and H2A, N,N’-ortho-phenylene (salicylic aldimine-2hydroxy-1-napthaldimine] were studied as inhibitors for corrosion of mild steel in 0.5 mol dm-3  H2SO4.  Results of weight loss, electrochemical impedance and Tafel polarization measurement consistently identify both compounds as good inhibitors with efficiency of around 95% at concentration of 400ppm. Isotherm followed is Temkin isotherm.

·  2-hydroxyphenyl-5-mercapto-1-oxa-3,4-diazole (HMO), 2-phenyl-5-mercapto-1-oxa-3,4-diazole (PMO) and 2-cinnamyl-5-mercapto-1-oxa-3,4-diazole (CMO) were synthesized and their influence on inhibition of corrosion of mild steel in 1N HCl and 1N H2SO4 was investigated by weight loss and potentiodynamic polarization techniques. The efficiency of inhibitor found to vary with concentration and time. The adsorption is of Temkin’s adsorption isotherm (M.A. Quraishi and R. Sardar, 2003).
· G.Gunasekaran et al (2004) inferred the eco-friendly inhibitor for corrosion inhibition of mild steel in phosphoric acid medium. The inhibition effect of Zenthoxylum alatum plant extract in 20, 50 and 88% aqueous ortho phosphoric acid has been investigated by weight loss and Electrochemical Impedance Spectroscopy (EIS). 88% phosphoric acid extract was more effective. The effect of temperature was studied in the temperature range 50-80oC. The extract is effective up to 70oC in 88% phosphoric acid medium.

·  Rui-Bin Liu et al., (2004) studied the effect of some mercapto-triazole derivatives on the corrosion of mild steel in 1M HCl medium using weight loss and various electrochemical techniques. Potentiodynamic polarization studies have shown that all these compounds suppress both the anodic and cathodic process and they behave as mixed type inhibitors. The adsorption of these compounds on mild steel surface is found to obey Langmuir adsorption isotherm. 

· E.E. Oguzie (2004) investigated the inhibitive effect of Congo red (CR) on mild steel in sulphuric acid solution. This was studied at different temperatures using gravimetric techniques. Inhibition efficiency increased with CR concentration but decreased with rise in temperature.

· M. Christov et al., (2004) studied the adsorptive and inhibitive properties of benzimidazole derivatives in acid mild steel corrosion. Inhibition efficiency increased with the increase of organic substrate concentration, while the adsorption followed the Frumkin isotherm.

· E.M.S. Azzam et al., (2004) inferred the corrosion inhibition of mild steel in 1M sulphuric acid solution using anionic surfactant. The inhibition efficiency ((%) of this surfactant has been studied by both chemical and electrochemical techniques at 25oC. Tafel slopes are approximately constant and independent of the inhibitor concentration.

· C. Unaegbu et al., (2004) studied the inhibition of mild steel corrosion in sulphuric acid using indigo dye. Gravimetric method was used to study the inhibitory properties at 30-50oC. The inhibitor adsorption characteristics were approximated by Frumkins isotherm and Flory-Huggins isotherm.

· The microbiologically influenced corrosion (MIC) is a very dangerous process and the evaluation of biocide effect on it was studied by G. Zavala Olivores et al., (2005). Using microbiological techniques, the biocide lethal concentration was determined and a concentration of 200ppm was used to kill completely the consortium population of planktonic and sessile parts.

· S.A.M. Refaey et al., (2005) carried out the inhibition of steel pitting corrosion in HCl by some inorganic anions (Mn and V). The increase of Mn and V content in the steel sample leads to increasing corrosion resistance. The increasing concentration of phosphate molybdate and chromate anions causes a shift of the pitting potential (Epit) in the positive direction, indicating the inhibitive effect of the added anions on the pitting attack. The presence of these anions inhibits the pitting corrosion of steel samples in the order phosphate > molybdate > chromate.

· S.R. Sainkar et al., (2005) studied the corrosion protection of low carbon steel by Poly (O-Toluidine) coating using cyclic voltametry. The formation of POT coating was monitored by using CV, UV-visible absorption spectroscopy and scanning electron microscopy (SEM). This coating reduces the corrosion rate almost by a factor of 50.

· E.E. Ebenso et al., (2005) studied corrosion inhibition of mild steel in acid media by some organic dyes namely Saframine-O (SO), Thymol Blue (TB) and fluoroscein-Na (F-Na) was rapidly assessed using the gasometric technique. Inhibition efficiency increased with concentration of  SO and TB but decreased with concentration of F-Na. The gasometric technique provides a means for rapid assessment of inhibitor effects on corrosion rates.

· The effect of addition of diamine derivative on the corrosion of steel in 0.5M H2SO4 solution was studied using weight loss measurement, electrochemical polarization and impedance spectroscopy methods. Polarization measurement shows that the diamine derivatives act as mixed inhibitors. The cathodic curves indicate that the reduction of proton on steel surface happens with a pure activating mechanism and adsorption followed by Frumkin adsorption isotherm model (M.Zegmount et al., 2005).
· The inhibitive influence of 3-nitro-4-N-N’-dimethyl aminoazobenzene and 4-nitro-4-N-N’-dimethyl aminoazobenzene were studied on corrosion of mild steel in 10% sulfamic acid. The P-isomer is found to give more efficiency than O-isomer. The inhibition process is predominantly under anodic control. Both anodic and cathodic processes are polarized considerably with the increasing concentration of inhibitor (Raja et al., 2005).
· El Shareef et al., (2005) have attributed the isoxazolidines the effects of steric factor and hydropholic chain length on the chain inhibition of mild steel in 1M and 5 HCl at 50-70oC range by gravimetric and electrochemical methods. Thermodynamic parameters ((Goads, (Hoads, (Soads) for the adsorption process and kinetic parameters for the metal dissolution or hydrogen evolution reaction in the presence of one of the isoxazolidines were determined. Experimental results agree with the Temkin adsorption isotherm. The inhibition is influenced by both predominantly under cathodic control.

· The corrosion inhibition of mild steel in hydrochloric acid solution by methylene blue dye (MB) was investigated by gravimetric techniques at 30 and 60oC as well as thermometric technique. The inhibitor efficiency increased with MB concentration but decrease with rise in temperature. These results were further corroborated by kinetic and activation parameters for corrosion and adsorption process (E.E. Oguzie., 2005).
· In a short communication, information provided a glimpse into the unexpected, intriguing nature of 2,4-hexadienoic acid potassium salt namely, its high superiority over other corrosion inhibitors to protect metals like carbon steel from surface degradation process in a wide range of potentials in the presence of corrosive environment (Ein Eliy, 2006). 
· Prakash Shetty et al., (2006) studied the corrosive behaviour of mild steel in 0.05M and 0.1M HCl, 0.025M and 0.05M H2SO4 solutions containing different concentrations of N-(2-thiophenyl)-N-phenyl thiourea (TPTU) using potentiodynamic polarization technique. The adsorption of the inhibitor on the mild steel surface in both acids obeys the Temkins adsorption isotherm.

3. MATERIALS AND METHODS


Hydrochloric acid and sulphuric acid used in acid cleaning, pickling, before electroplating, descaling, acidizing in mining and oilwells, removal of calcareous from boilers etc may lead to have a destructive effect on equipment. So inhibitors are generally used to reduce the base metal attack.



Environmental friendly inhibitors have attracted several researches. Non-toxic natural products have been widely used as corrosion inhibitors such as tannins, beetroot, tamarind, tea leaves, pomegranate juice and peel have been evaluated as effective corrosion inhibitors.



Hence the present study was carried out on the acid extracts of Macrotyloma uniflorum for mild steel in acid medium.

3.1 SELECTION OF MILD STEEL



Mild steel was chosen to its wide range of applications, low cost and easy availability. It has been extensively used in chemical industries on different purpose under different conditions in handling alkali, acids and salt solution. The mineral acids, hydrochloric acid and sulphuric acid are frequently used in acid cleaning, pickling, acidizing in mining and oil wells. Hence the study in acid medium is of much interest and it has gained great importance in field of engineering and industries involving electrochemical process.

3.2 PREPARATION OF SAMPLE


Rectangular samples of area 5 x 1cm2 have been cut from a large sheet of mild steel. The samples were polished, drilled a hole at one end, numbered and punched. During the study the samples were polished with 40 grade emery papers, degreased in solution of non-toxic detergent, washed with distilled water and stored in desiccators for further use.



The elemental analysis of the specimen by vacuum emission spectrometers DV-4 was made at Premier Instruments and Controls Ltd (PRICOL) testing laboratory, Peryanaikenpalayam, Coimbatore. The composition of specimen was found to be   

Table – 1

ELEMENTAL ANALYSIS
	Elements
	% of chemical composition

	Carbon
	0.049

	Manganese
	0.211

	Silicon
	0.086

	Phosphorus
	0.028

	Sulphur
	0.035

	Chromium
	0.020

	Molybdenum
	0.012

	Nickel
	0.011

	Iron
	95.511


3.3 CHOICE OF MEDIUM:

3.3.1 SELECTION OF HYDROCHLORIC ACID:



Due to cost factors and other complications, the choice felt on the use of HCl and H2SO4. The use of HCl has technological advantages for mild steel in pickling because the scale removing is quicker and surface is cleaner. This is due to many fold aggressive nature of Cl- ions in comparison to SO42- ions, which attack oxide either to dissolve it or to loose it from the surface of the steel.

3.3.2 SELECTION OF SULPHURIC ACID:



The volatility of hydrochloric acid is enhanced by increase in temperature, acid strength and iron content in the bath which creates problems such as atmospheric pollution, pitting attack on the pickling material and corrosion of surrounding structure etc in the pickling process. Therefore sulphuric acid is still in use in many industries despite other inherent drawbacks, such as the requirement of higher temperature in the pickling bath and production of uneven blistered and dirty surface associated with this acid.



Hence 1M hydrochloric acid and 0.05M sulphuric acid are chosen for the present study. All the solutions used for experimental purposes were prepared using LR grade reagents with deionised water, to stimulate industrial environment.

3.3.3 SELECTION OF INHIBITOR:



Today chemical industries are rapidly developing eco-friendly technologies due to the environmental awareness. Current focus to meet these challenges are mainly on waste management and energy conservation by making use of the existing technologies is much more effective and devising new ones for the purpose. Treatment of waste from various industries like those dealing with chemicals, petrochemicals, paints etc is one of the major areas concern as far as environment pollution is concerned.



The use of inhibitor in corrosion prevention has been well established and numerous inhibitors have been documented. The interest in using plant extracts has been very recent. It revealed that there are some inhibitor compounds on plants that can inhibit corrosion in acidic environment. The choice of present inhibitor is based on following considerations

· Eco-friendly

· Easy availability

· Less toxic

· Non-expensive 



The plant Macrotyloma uniflorum has been collected from the residential areas of Sulur. The aim of present study is to use agro waste products, after removal of the horse gram from the plant, it is wasted. Hence it is used for corrosion inhibition in acid medium.

3.4 PREPARATION OF EXTRACT:



The leaves of Macrotyloma uniflorum were shade dried and powdered. 5% extract was prepared by refluxing 12.5g of powdered dry leaves in 1M hydrochloric acid and 0.05M sulphuric acid for three hour and kept overnight. Then filtered and the volume of filtrate was made up to 250ml using the same acid.

Fig. 2   MUL EXTRACT IN ACID MEDIUM


3.5 TECHNIQUES EMPLOYED:



The techniques employed for the present corrosion study are

· Weight loss method


(   Polarization method


(   Impedance study

3.5.1 WEIGHT LOSS METHOD:



Weight loss method is most commonly used for measuring corrosion resistance. Non electrochemical methods are used from early days and give informations. Hence weight loss method is used for present study. 

3.5.1.1 Experiment at room temperature:

                      Weighed samples are immersed in 100ml of acid (1M hydrochloric acid and 0.05M sulphuric acid) with and without different volumes of the inhibitor for various time intervals. They are taken out and immersed in saturated sodium bicarbonate solution to remove residual acids and washed thoroughly with tap water rinsed with distilled water, dried, stored in desiccators and reweighed.



The parameters used for present study are given below

Time variation –
1h, 3h, 5h, 7h, 24h, and 48h.

Concentration of inhibitor –
0.1ml, 0.5ml, 1.0ml, 1.5ml, 2.0ml, 2.5ml, 3.0ml.

3.5.1.2 Experiment at higher temperature:



To find out the inhibitive effect of inhibitor for preventing boiler corrosion the experiment was carried out at higher temperatures. The thermostat was set to the temperature at




40oC ± 0.2oC (313 K)




50oC ± 0.2oC (323 K)




60oC ± 0.2oC (333 K)




70oC ± 0.2oC (343 K)

And the experiments were carried out as done at room temperature for a period of half an hour with the same volumes of inhibitor both in 1M hydrochloric acid and 0.05M sulphuric acid.

3.5.1.3 Determination of corrosion rate:



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



Corrosion rate (CR) = 534  x              W      x mpy

      DAT




mpy 
–   miles per year.



W   
-   Weight loss.



D   
-   Density in g/cm2.



A   
-   Area in square inch.



T  

-   Exposure time in hour.

3.5.1.4 Determination of inhibitor efficiency:


The effectiveness of the inhibitor in terms of volume is found by 



 CR (without inhibitor) –CR (with inhibitor)
I.E%     =                                                                             x   100
          CR (without inhibitor)
3.5.1.5 Determination of surface coverage (():



Surface coverage of active sites by the inhibitor was determined by the relation






       CR (without inhibitor) -CR (with inhibitor)
   Surface coverage (() =

                                                                 CR (without inhibitor)

3.5.1.6 Adsorption isotherm


In the present study the values of surface coverage ( were evaluated using the values of inhibition efficiency at different immersion time periods.



Different absorption isotherm namely Langmuir, Freundlich, Tempkin, Frumkin and Flory Huggins were tested for their fit into the experimental data. These four types of adsorption which usually cover all the data relate to adsorption of inhibitor. These were tested for the extract by the following relation

	S.No
	Adsorption
	Plots

	1
	Langmuir isotherm
	log ((/1-() Vs log C

	2
	Freundlich isotherm
	log (  Vs log C

	3
	Tempkin isotherm
	( Vs log C

	4
	Frumkin isotherm
	log ((/1-()/C Vs (

	5
	Flory Huggins isotherm
	log((/C) Vs log (1-()


3.5.2 POLARIZATION TECHNIQUE


A frequency response analyzer 1280B (Solartron) and IBM personal computer which automatically controls linear polarization and tafel polarization was used for the polarization study. The data were analyzed using computer software.



The cell for the polarization studies was a glass beaker containing the aerated unstirred test solution with a platinum electrode as the counter electrode, a saturated calomel electrode as reference electrode and the mild steel electrode as working electrode.



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

3.5.2.1 Procedure 



100 ml of 0.5M sulphuric acid and 1M hydrochloric acid were taken in an electrochemical cell. The polished electrode was then introduced. The electrode was placed at 0.8 mV to its open circuit potential. Thus the potential was scanned at 0.2mV/Sec towards the anodic direction in Tafel extrapolation. Applied potential Vs current was plotted and extrapolation of linear portion to the corrosion potential gives the corrosion current



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

3.5.2.2 Determination of Inhibition Efficiency

Tafel method:




  Icorr (blank) – Icorr (Inh)

I.E %     =                                                     x   100





Icorr (blank)
where, 



I corr (blank)          =    corrosion current without inhibitor



I corr (Inh) 
  =     corrosion current with inhibitor

Linear polarization (LPR):

                        Rp (inh) - Rp (blank)



           Rp (inh)  
where,

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

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


According to the Stern-Geary equation, the steps of the linear polarization plot are substituted to get corrosion current.


             ba X bc


               1


Icorr    =                                            x  


         2.303 (ba+ bc)                   Rp


   Rp     =     polarization resistance
3.5.3 IMPEDANCE STUDIES:



Impedance measurements were carried out for each corrosion potential. An ac sine wave of 10mV amplitude was applied to the electrode. The frequency which is varied from 10 KHz to 100 MHz was superimposed at the open circuit potential. The results are presented in the form of Nyquist and Bode plots. All the measurement was presented in the corrosion potential.


In impedance method, the charge transfer resistance (Rct) was obtained from the plots of Z’ Vs. Z” (real part Vs imaginary part Nyquist plot). The value of (Rp+Rs) corresponds to the point where the plot cuts Z axis to the point where the semicircle cut the Z axis at high frequency. The difference gives the Rp values which were substituted in the Stern-Geary equation to get I corr    



ba X bc



1


Icorr      =                                   x

                2.3 (ba+ bc)
Rct
             The ba and bc values were experimentally obtained as mentioned in the case of linear polarization for each system.

Fig. 3   SOLARTRON 1280 B


Fig. 4   THREE ELECTRODE CELL


4. RESULTS AND DISCUSSION

To control the depolarizing effects of metal salts and also the attack of the acids on the base metal surface, the use of efficient inhibitors in both hydrochloric and sulphuric acid solutions are very much essential. Hence an attempt has been made in this investigation to study the role of acid extracts of Macrotyloma uniflorum as probable acid corrosion inhibitor in both HCl and H2SO4 acid medium for mild steel. 


Towards analyzing the objectives enumerated in the introduction, investigations were carried out on the results of the experimental studies obtained on the corrosion inhibition of mild steel in 1M HCl and 0.5M H2SO4 media under various operating conditions –like different concentrations of inhibitor solution, exposure time, temperature and electrochemical studies such as polarization studies as well as impedance spectra in the presence and absence of inhibitor to clarify the mechanism of inhibition.

4.2 GRAVIMETRIC METHOD

4.2.1 EFFECT OF INHIBITOR CONCENTRATION

 
Table 2 and 3 give the values of inhibition efficiency calculated from the weight loss measurements for different concentrations of  Macrotyloma uniflorum ranging from 0.1 to 3ml in 1M HCl and 0.5M H2SO4 at different immersion time (1/2h, 1h, 3h, 5h, 7h, 24h, 48h) at room temperature. The corrosion rate decreases with increasing inhibitor concentrations irrespective of the time of immersion in both aggressive media. This is due to the adsorption of the inhibitor on the metal surface. Inhibition is estimated to be superior at 7 hours of immersion in 1M HCl and 5 hours of immersion in 0.5M H2SO4 and 97.39% in 1M HCl and 96.44% in 0.5M H2SO4 at a concentration of 3.0ml of Macrotyloma uniflorum. Figures 5 and 6 show the variation of corrosion rate as a function of inhibitor concentration. 

4.2.2 EFFECT OF IMMERSION TIME


Figure 5 and 6 show the effect of immersion time on the performance of Macrotyloma uniflorum inhibitor in 1M HCl and 0.5M H2SO4 respectively. It is evident from the above figures 5 and 6 that Macrotyloma uniflorum show good performance upto 7 hours and 5 hours in HCl and H2SO4 respectively. After this time, however the inhibitor performance deteriorates. This deteriorisation in inhibitor efficiency can be correlated to the increase in concentration of ferrous ions in solution (Harvoth et al., 1994).
4.2.3 EFFECT OF TEMPERATURE


The effect of temperature on the inhibitory action of acid extract was determined by weight loss method at various concentrations of Macrotyloma uniflorum at room temperature and elevated temperatures (303K, 313K, 323K, 333K and 343K) for a fixed immersion time of half an hour. As expected for any chemical reaction, the tabulated data (tables 5 and 6) reveal that the corrosion rate increases tremendously with increase in temperature both in the presence and absence of the inhibitor in HCl and H2SO4 respectively. In spite of the increase in the corrosion rate, the inhibitor efficiency increases up to 333K and 313K in HCl and H2SO4 medium and after that there is a declining effect on the protective efficiency of inhibitor. This may be due to desorption of the adsorbed inhibitor molecules at elevated temperatures, thus exposing fresh metal surface to the corrodent.

4.2.3.1 ACTIVATION PARAMETERS


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



C.R
=      A exp (-Ea/RT)
where, 
C.R
=     corrosion rate

Ea
=     apparent activation energy

A
=     Arrhenius pre-exponential constant

R
=     gas constant 


Plots of logarithm of corrosion rate against 1/T gave figures 13 and 14 for HCl and H2SO4 medium with and without the Macrotyloma uniflorum extract. The energy of activation for the corrosion process was calculated from the corresponding Arrhenius equation and is produced in table 7. There is a reduction in the Ea values for the inhibited acid solutions which may be attributed to the chemisorptions of Macrotyloma uniflorum inhibitor on mild steel (Sankarapapavinasam et al., 1991).
4.3 POLARIZATION STUDIES
· HCl


Anodic and cathodic polarization curves of mild steel in 1M HCl solutions devoid of and containing different concentrations of Macrotyloma uniflorum extract were traced and given figure 25. The corrosion kinetic parameters: corrosion potential (Ecorr), corrosion current (Icorr), anodic Tafel constant (ba), cathodic Tafel constant (bc) and inhibitor efficiency were calculated and given table 8. 

· H2SO4
Polarization behavior of mild steel in 0.5M H2SO4 in the presence and absence of the inhibitor is shown in figure 26. The values of corrosion potential (Ecorr), corrosion current (Icorr), anodic Tafel constant (ba), cathodic Tafel constant (bc) and inhibitor efficiency are collected in table 9.

The examination of figures 25 and 26, and tables 8 and 9, show that the addition of the natural substance does not bring any significant change in corrosion potential, it decreases markedly the corrosion current. This behaviour reflects its ability to inhibit the corrosion of mild steel in both the media. The inhibitor efficiency increases as the extract concentration increased in both acids. Further inspection of the above table also reveals that both the anodic and cathodic Tafel constants decrease upon the addition of inhibitor and decrease further with increasing inhibitor concentration in HCl as well as in H2SO4. This trend suggests that the extract inhibits the corrosion of iron in the two aggressive media via the adsorption of its molecules on both anodic and cathodic and consequently it acts as mixed inhibitor. 

The polarization resistances Rp for iron in 1M HCl and 0.5M H2SO4 acid solutions and in the presence of inhibitor obtained from the current potential curves in the vicinity of Ecorr or increased with increasing concentrations of Macrotyloma uniflorum confirming its corrosion mitigation ability calculated from Rp values are in accordance with those obtained from corrosion current density values.

4.4 IMPEDANCE SPECTROSCOPY RESULTS

The Nyquist plot for steel in 1M HCl in the absence and presence of different concentrations of the Macrotyloma uniflorum extract are shown in figure 27. Similar plots in 0.5M H2SO4 is shown in figure 29. The impedance response consisted of characteristic semi-circles of capacitive type whose size increases with Macrotyloma uniflorum concentration. 

The impedance spectra for different Nyquist plot were analyzed by fitting the experimental data into simple equivalent circuit model figures 27 and 29. This equivalent circuit includes solution resistance Rct and the double layer capacitance Cdl which is placed parallel to charge transfer resistance element Rct. The Rct value is a measure of electron transfer across the surface and is inversely proportional to corrosion rate. 
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  The equivalent circuit model
The values of impedance parameters Rct and Cdl for mild steel in 1M HCl and 0.5M H2SO4 containing different Macrotyloma uniflorum concentrations are shown in tables 16 and 17. The data indicates that in both acid media increasing charge transfer resistance is associated with a decrease in double layer capacitance. The decrease in the Cdl values could be attributed to the adsorption of the chemical constituents of Macrotyloma uniflorum extract at the metal surface (Aramaki K et al., 1987).
Bode plots for the free acids 1M HCl and 0.5M H2SO4, as well as for the acid solutions inhibited by the Macrotyloma uniflorum are compressed in figures 28 and 30. The Bode plots of both systems reveal only one arrest indicating only one charge transfer reaction.

4.5 COMPARISON OF INHIBITOR EFFICIENCY  

4.5.1 ELECTROCHEMICAL METHOD Vs WEIGHT LOSS METHOD


Though the same trend of increase of inhibitor efficiency percentage with increase in concentration of Macrotyloma uniflorum is observed in the polarization technique, EIS spectra and in the weight loss method, the values are comparatively different. This may be advocated to the fact that while weight loss method gives average corrosion rates, the electrochemical methods give instantaneous corrosion rates. These differences may be expected to arise because of the time required to form an adsorbed layer of the inhibitor, which brings down corrosion.

4.6 ADSORPTION ISOTHERMS AND FREE ENERGIES OF ADSORPTION


It is widely accepted that the first interaction between the inhibitor and the metal surface is adsorption, a rapid process involving low activation energy. Adsorption strengths can be deduced from the adsorption isotherm, which shows the equilibrium relationship between concentrations of inhibitors on the surface and in the bulk of the solution.


Often classical isotherms of Langmuir, Temkin, Freundlich have been used for representing the adsorption behaviour of organic substances on metals. To evaluate the nature and strength of adsorption, the experimental data (i.e., surface coverage value () were fitted to the isotherms from the weight loss method and from the best fit, the thermodynamic data for adsorption have been evaluated. 
Tables 12 and 13 reveal the statistical analysis of the linear regression fit of the data into the various adsorption isotherms in the two aggressive media. Regression values above 0.9 indicate the best fit of the isotherm. A perusal of the above table shows that all the three isotherms are obeyed. 


Though Langmuir model show a best fit, the expected values of the slope as unity has never been obtained in both the aggressive media. This deviation may be due to inter-molecular interactions among the adsorbate molecules which have not been considered during the derivation of the above said isotherm. All expressions for adsorption isotherms invariably include the equilibrium constant of the adsorption process K, which is related to the standard free energy of adsorption (Goads by,
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The value 55.5 in the above equation is the concentration of water in the solution (M). 

Table 14 gives the adsorption parameters calculated from the Temkin isotherm for the Macrotyloma uniflorum inhibitor at various temperatures in 1M HCl and 0.5M H2SO4 respectively. The values of (Goads are < - 40KJmol-1 indicating physical adsorption of inhibitor molecules and the negative values suggest a strong interaction of the inhibitor molecules on the mild steel surface (Quraishi et al., 2003). A positive molecular interaction constants ‘a’ shows attraction between inhibitor molecules. 
The inhi