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ABSTRACT 
corrosion refers to a chemical (dry corrosion) or electrochemical (wet corrosion) reaction of  and the 

surrounding environment due to erosion of steel and its alloys or atmospheric gases causing substances  used to 

break down or lose component atoms.Corrosion is also  defined as an electrochemical process in which 

oxidation and  reduction of metal occur simultaneously in the presence of an oxidizing agent such as oxygen..  

Carbon Steel and Mild Steel are the most common steels used in many industries as well as everyday life for the 

design and manufacture of   in a variety of applications. Carbon steel and low carbon will corrode severely when 

exposed to  corrosive medium. Scientists have always wanted to understand the corrosion process and ways to 

control it. A number of corrosion inhibitors have been reported to control the corrosion of steel and its alloys in 

different corrosion systems. Every step towards finding a new Corrosion Inhibitor for a corrosion remediation 

project will not only result in significant savings, but will also help engineers keep plants and machinery 

running smoothly as Corrosion occurs.  Carbon Steel, Stainless Steel, and Mild Steel are the most common 

materials used in the design and manufacture of theChloride ions can corrode steel, stainless steel, and mild steel 

and are found in plumbing, electrical equipment, boilers, condensing units, etc. can cause problems. The sea is 

also abundant in chloride, which is used for injection into water in oil for cooling, such as in desalination plants. 

Chemical corrosion inhibitors are generally used in manufacturing and processing. The challenge, however, is to 

develop a new corrosion inhibitor that will protect material and make it a good friend in many situations. 

Surfactants are environmentally acceptable as corrosion inhibitors and is very economical and readily available. 

The purpose of this article is to determine the ability of surfactants to prevent corrosion of on carbon, stainless 

and mild steel surfaces.The various uses and  propertiesof various surfactants are alsodiscussed. The effect of 

surfactant concentration, temperature and  corrosioninhibition mechanisms, and type of adsorption are also 

discussed in this book.  In this study, we try to study in detail surfactants as corrosion inhibitors to control 

corrosion of carbon steel, stainless steel and small iron in acidicenvironment.Experiments were performed using 

both gravitational and electrochemical polarization methods, and the results of all studied surfactants used in 

this study are discussed in detail. 
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I. INTRODUCTION 
The corrosion especially due to salt 

formation. Corrosion is the deterioration of 

materials by chemical interaction with their 

environment. The term corrosion is sometimes also 

applied to the degradation of plastics, concrete and 

wood, but generally refers to metals. The most 

widely used metal is iron (usually as steel). For 

example ship propeller sinks into the sea water and 

in sea water, found the salt. Due to this salt 

formation in sea water, this affects the ship 

propeller. So, here totally describes the salt 

formation corrosion and other corrosion. 

We have all seen corrosion and know that 

the process produces a new and less desirable 

material from the original metal and can result in a 

loss of function of the component or system.  The 

corrosion product we see most commonly is the rust 

which forms on the surface of steel and somehow 

Steel → Rust 

For this to happen the major component of steel, 

iron (Fe) at the surface of a component undergoes a 

number of simple changes.  Firstly, 

Fe → Fen+ + n electrons 

the iron atom can lose some electrons and become a 

positively charged ion.  This allows it to bond to 

other groups of atoms that are negatively charged. 
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We know that wet steel rusts to give a variant of 

iron oxide so the other half of the reaction must 

involve water (H2O) and oxygen (O2) something 

like this 

O 2   +   2H2O   +   4e-   →   4OH- 

This makes sense as we have a negatively charged 

material that can combine with the iron and 

electrons, which are produced in the first reaction 

are used up.  We can, for clarity, ignore the 

electrons and write 

2Fe   +   O2   +  2H2O   →   2Fe(OH)2 

                       Iron   +   Water with oxygen   →   

Iron Hydroxide   

Oxygen dissolves quite readily in water and because 

there is usually an excess of it, reacts with the iron 

hydroxide.   4Fe(OH)2   +   O2   →   2H2O   +   

2Fe2O3.H2O  Iron hydroxide   +   oxygen   →   

water   +   Hydrated iron oxide    (brown rust) 

This series of steps tells us a lot about the corrosion 

process.Ions are involved and need a medium to 

move in (usually water) (2) Oxygen is involved and 

needs to be supplied (3) The metal has to be willing 

to give up electrons to start the process (4) A new 

material is formed and this may react again or could 

be protective of the original metal (5) A series of 

simple steps are involved and a driving force is 

needed to achieve them.The most important fact is 

that interfering with the steps allows the corrosion 

reaction to be stopped or slowed to a manageable 

rate. 

Uniform corrosion, as the name suggests, occurs 

over the majority of the surface of a metal at a 

steady and often predictable rate.  Although it is 

unsightly its predictability facilitates easy control, 

the most basic method being to make the material 

thick enough to function for the lifetime of the 

component.  Uniform corrosion can be slowed or 

stopped by using the five basic facts; 

(1) Slow down or stop the movement of electrons  

(a) Coat the surface with a non-conducting medium 

such as paint, lacquer or oil  

(b) Reduce the conductivity of the solution in 

contact with the metal an extreme case being to keep 

it dry.  Wash away conductive pollutants regularly.  

(c) Apply a current to the material (see cathodic 

protection).  

(2) Slow down or stop oxygen from reaching the 

surface.  Difficult to do completely but coatings can 

help.  

(3) Prevent the metal from giving up electrons by 

using a more corrosion resistant metal higher in the 

electrochemical series.  Use a sacrificial coating 

which gives up its electrons more easily than the 

metal being protected.  Apply cathodic protection.  

Use inhibitors.  

(4) Select a metal that forms an oxide that is 

protective and stops the reaction.Control and 

consideration of environmental and thermal factors 

is also essential. 

 

II. Materials and Methods: 
EXPERIMENTAL PROCEDURE 
The stability and concentration of hydrochloric acid 

vary in industry. Therefore, it has different corrosive

 properties depending on the strength of hydrochlori

c acid. To overcome this problem, 1.0M concentrati

on of hydrochloric acid was prepared. The experime

nts were carefully designed to evaluate the corrosion

 inhibiting effectiveness of surfactants as corrosion i

nhibitors. 

Wecarefully monitored the consistency of the data b

y repeating the experiments and sometimes  

even making triplicate. 

 

Materials 

Carbon steel, mild steel and stainless steel used for 

investigations was in the form of sheet 

(0.25mmthick)and had thefollowingcompositions. 

 

Table 1:Carbon steel, mild steel and stainless steel used for investigations was in the form of sheet 

(0.25mmthick)and had thefollowingcompositions. 

 
 

SamplePreparations 

WeightLossMeasurements: 

For the weight loss test, metal samples wit

h a size of 3.0 x 1.5 cm2 were cut from the metal sh

eet with a sharpedged metal cutter, while samples 



G.Ravi Kumar, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 13, Issue 9, September 2023, pp 46-57 

 

 
www.ijera.com                 DOI: 10.9790/9622-1309465748 | Page 

 

 

with a size of 5.0 x 1.5 cm were taken for the electr

ochemical polarization experiment.After selecting s

everal metal samples, they were mechanically polis

hed with different emery papers of 150, 300 and 60

0 microns, respectively, and then thoroughly cleane

d with triple distilled water and acetone. The sampl

e was dried with a hot hair dryer and stored in a sili

ca gel desiccator. The acid used is made from AR g

rade hydrochloric acid. Prepare 1.0 M hydrochloric

 acid using double distilled water.In acidic media, a

ll organic surfactants are used as corrosion inhibitor

s in concentrations of 20 to 150 ppm. 

After recording the initial weight of the metal samp

le on the Japanese Mettler Toledo AB 135-

/ FACT single pan analytical balance (accuracy 0.0

1 mg), place the metal sample at an angle into a 25

0 ml Glass borosilicate beaker of 200 ml each. Aci

dic solution as corrosion medium with or without i

nhibitor. Weight loss corrosion experiments and ele

ctrochemical polarization experiments were carried

 out at different temperatures, that is, in a controlle

d heat exchanger. 

30, 40 and 50
0
C with an accuracy of ±0.1

0
c. The sa

mples were removed from the beakers after 24 hour

s of exposure and rinsed under running water. The l

oosely adhering corrosion products are removed wi

th the help of rubber stoppers and the sample is rins

ed again with triple distilled water, dried with a hot 

hair dryer and weighed again. Calculate the corrosi

on rate in mils per year (mpy) and the inhibition eff

iciency as a percentage using the formula below. 

 

 
inhibitoratgiventimeperiodandtemperature,respecti

vely. 

 

Electrochemical polarization investigation 

were carried out in 500 ml glass cell 

speciallydesigned for the purpose having three 

electrodes system assembly. Potentiostatic 

polarization ofthe working electrode was carried 

out by using a Potentiostat / Galvanostat PGS 201 

T 

(Tacussel,France).Theworkingelectrodehasanarrang

ementtoholdthemetalcouponsunderstudy,Platinum 

electrode/auxiliaryelectrodewas usedas 

counterelectrode. 

Linearpolarizationresistancemeasurementswereperf

ormedpotentiostaticallybyscanning through a 

potential range of 14 mV above and below the OCP 

value in steps of 2 

mV.Differentelectrochemicalexperimentswerecarri

edoutinabsenceandpresenceofsurfactant 

moleculeattheirdifferenttemperatureat30,40and50
0

C.Theresultingcurrentisplottedagainstthepotential 

andslopeofthelineismeasured 

 

Thecorrosion current, 

IcorrisrelatedtotheslopeofthelinebyStern-

Gearyequation. 

 

 
 

The anodic and cathodic Tafel slopes were 

measured after recording anodic and 

cathodicpolarization curves of the specimen up to a 

maximum shift of ± 140 mV from OCP value in 

stepsof 10 mV. Experiments were carried out in 

absence and presence of the inhibitor at their 20 

to150ppmconcentrationsat 30, 40and 50
0
C. 

 

 

 
 

III. RESULTS AND DISCUSSIONS: 
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SADS,SADDS,SAHDSandSADDBSSasCorrosio

ninhibitorforCarbonSteel 

 

Corrosion is defined as the loss of 

beneficial properties of materials and their alloys 

due to the attack of atmospheric gases on the metal 

surface. Air and humidity are two important factors 

in the initiation of corrosion of metal alloys. Dry 

corrosion and wet corrosion aretwo types of 

corrosion encountered by  metals and their alloys. 

Wet corrosion is also called electrochemical 

corrosion. This is due to the formation of local 

anodes and cathodes.There are many factors that 

affect the corrosion rate. Various corrosion 

protection methodsare available for different metals 

and  alloys and for different conditions. Carbon 

steel is the main material of the body of buildings, 

household appliances, many tanks and water tanks, 

and is directly exposed to the corrosive 

environment during storage and use. Carbon steel 

needs corrosion protection in harsh environments.   

There are many ways to protect carbon steel from 

corrosion, such as painting, hot dip galvanizing, 

and combinations of these methods.If  more 

sensitive materials are used, there are many 

methods that can be used to prevent damage to the 

product during its manufacture and use.The most 

corrosion resistant materialsare  

thermodynamically undesirable corrosion. All 

corrosionproductsofgold or platinum spontaneously 

decompose  into pure metal, so these elements can 

be found on earth in metal form  and form a large 

part of the required production values. The more 

“basic” metal can  be protected from time to time 

by various methods.Normal metals have  slow 

reaction kinetics, buttheir corrosion is 

thermodynamically favored.These include metals 

such  as zinc, magnesium and cadmium. Although 

corrosion of this metal is continuous, it occurs 

slowly. A great example of this is graphite, which 

releases a lot of energy when oxidized, but has very 

slow kinetics and is therefore well protected against 

electrochemical corrosion under normal conditions.    

Carbon  and mild steel are the best metal materials 

used for the design and manufacture of products in 

many industries and modern life. Carbon monoxide 

and small metals corrode severely when exposed to 

a  corrosive environment.to. However, their use is 

still mostly due to their low cost and quality. 

Stainless steel is widely used in kitchens, sinks, 

nuts and bolts, engine parts, etc. widely used.     

Metal is an attractive material for engineering due 

to its unique properties such as low cost, flexibility 

and durability. Corrosion protection for metals and 

alloys of  organic compounds is the result  of 

organic molecules or ions adsorbed on the metal 

surface through adsorption sites to form a 

protective layer.This coating reduces or prevents 

corrosion of the metal. The rate of adsorption of 

organic corrosion inhibitors to the metal surface 

depends on many factors such as the nature of the 

metal, the state of the metal surface, the adsorption 

process, the chemical structure of the corrosion 

inhibitor and the type of corrosive system. [1] It is 

very important to add an anti-corrosion agent to 

reduce the breakdown of metal  in acid. Therefore, 

many reports have been published on the use of 

organic chemicals as corrosion inhibitors to prevent 

corrosion of carbon steel  in different corrosive 

environments [2-6].    The study reported in the 

paper was to investigate the effectiveness of a 

certain number of surfactants. Ammonium decyl 

sulfate (SADS), ammonium dodecyl sulfate 

(SADDS), ammonium hexadecyl 

sulfate(SAHDS)and ammonium 

dodecylbenzenesulfonate (SADDBS) as  carbon 

steel Corrosion inhibitor in acidic environment. 

The effect of concentration and temperature on the 

corrosion inhibiting efficacy of research surfactants 

as carbon steel corrosion inhibitors was also 

evaluated. The effect of different surfactants on the 

corrosion of carbon steel is measured at 1.0 M HCl 

in the presence and absence of  surfactants in the 

concentration range (20 to 150 ppm) by weight loss 

and electrochemical polarization processes. 

competence. .The name and molecular structure of  

carbon steel anti-corrosion anionic surfactant in 

acidic medium are as follows: 

 

(b) - Dodecyl sulphate ammonium salt (SADDS). 
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a 

a 

 
 

 
                         Figure:1 

IV. ResultsandDiscussion: 
Table 2 gives the values of percentage 

corrosion inhibition efficiency for 

differentconcentrations of investigated surfactant 

compounds at 30 
0
C. Figure 2 shows 

percentagecorrosioninhibitionefficiency 

ofallthefourinvestigatedorganicsurfactantsmolecule

forcarbon steel at 30.0 
0
C in presence of 1.0 M 

hydrochloric acid solution. It is clear from the 

Table2and Figure 2 that the weight loss decreased, 

percentage corrosion inhibition 

efficiencyincreasedandthereforethecorrosioninhibiti

onstrengthenedwithincreaseininhibitorconcentratio

n from 20 to 150 ppm. This may be due to the 

increase in adsorption and surfacecoverage 

withincrease in concentration of surfactant 

molecule. Thus, the surface is protectedfrom the 

corrosive environment [7-8]. It is clear from Tables 

2 that percentage 

corrosioninhibitionefficiencyincreaseswithincreasei

ninhibitorconcentration.Thepercentagecorrosioninh

ibition efficiency for different investigated anionic 

surfactants as corrosion inhibitor 

increasesinthefollowingorderSADS>SADDS>SAH

DS>SADDBS. 

 

Table 

3givesthevaluesofpercentagecorrosioninhibitioneffi

ciencyfordifferentconcentrations of investigated 

surfactant compounds and 1.0 × 10
-3

 m KMnO4. 

Figure 3 showssynergistic effect of KMnO4 on the 

percentage corroison inhibition efficiency of all the 

fourorganic surfactant molecule for carbon steel at 

30.0 
0
C in 1.0 M hydrochloric acid solution. It 

isobserved from tha Table 3 and Figure 3 that the 

addition of KMnO4 improves the 

percentagecorrosioninhibitionefficiencyoftheinvesti

gatedcompoundssignificantly. 

 

Table 4shows typical current-potential of 

carbon steel in 1.0 M HCl in the absence 

andpresence of various concentrations of organic 

surfactant. Values of associated 

electrochemicalparameters such as current density 

(icorr.), corrosion potential (Ecorr.), Tafel slopes, and 

corrosioninhibition efficiency (per cent) as function 

of compound d concentrations in 1.0 M HCl are 

giveninTable4.ItisevidentfromthisTable4thattheTaf

elconstantsdidnotchangesignificantly with increase 

in concentration of the surfactant molecule. 

Surfactant   molecule actas mixed type of corrosion 

inhibitor because they enhance the anodic and 

cathodic processestothe same extent but the anode 

is more polarized when an external current was 

applied. Additionof surfactant compounds to the 

system increases both cathodic and anodic over 

potential (OCP)andcausedmainlyequalshiftin 

negative andpositivedirection,respectively.The 

temperature has great influence on the rate of 

corrosion. The effect of temperature on 

thecorrosion behavior of carbon steel was also 

investigated for all the four surfactant molecule 

byweight loss method in the temperatures range of 

30 to 50
0
C with and without of 

differentconcentrationsofcompound(d)in1.0MHCl

mediaandpercentagecorrosioninhibitionefficiency 

of compound (d) is shown in Table 5.Figure 4 

shows the effect of 

increasingtemperaturei.e.30to50
0
Conpercentagecor

rosioninhibitionefficiencyofsurfactantSADDBSin 

case of carbon steel. It is obvious from the Table 5 

and Figure 4 shows that 

PercentageCorrosionInhibitionEfficiency(PCIE)inc

reaseswiththechangeintheconcentrationofcompoun

d (SADDBS) in positive direction and decreases 

with increasing the temperature. 

Thisprovesthattheincreaseoftemperatureresulttothed

ecreaseinthesurfactantadsorptionandthentheaccelera

tionofthemetalliccorrosion in acidicmedium [9-13]. 

 

Thecalculatedvaluesoftheapparentactivationenergy,

E
*
,activationenthalpies,H

*
andactivationentropies,S

*

aregiveninTable 

5 .Figure4showsactivationparametersi.e.activation 

energy, change in enthalpy and change in entropy 

for carbon steel in case of surfactantD 

atdifferentconcentrations.Theaddition ofsurfactant 

moleculemodifiedthevaluesofE
*
.Thissuggested that 

the process of corrosion is activation controlled. 
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This is in agreement with 

reportsofdifferentresearchers[14-

17].Theentropychangeinvolveintheactivationproces

s(S
*
)intheblankandinhibitedsolutionsislargeandnega

tiveindicatingthattheactivatedcomplexrepresentsass

ociationratherthandissociation[18-20]. 

Mechanismofcorrosioninhibitionofallthefourinvesti

gatedorganicsurfactantscanbeexplainedonthebasisof

theshape,molecularsize,chainlengthandthenumberof

adsorptioncenter present in the molecule. Organic 

surfactant compound (SADDBS) in the present 

study,should be the most effective inhibitors, 

inspite of it has two active adsorption centers. The 

highpercentage corrosion inhibition efficiency of 

the compound (SADDBS) may be due to its 

largesize, or due to its benzene ring which 

contributes p electrons to the adsorption centers. 

Order 

ofpercentagecorrosioninhibitionefficiencya<b<can

dthisisagrees withtheirmolecularsize. 

 

Table 2Percentage corrosion inhibition efficiency at 

differentconcentrationsofanionicsurfactantforthecorrosionofcarbonsteelafterimmersion in1.0 M HCl at30.0 
0
C. 

Conc. 

ofSurfactant(ppm) 

PercentageCorrosionInhibitionEfficiencyofSurfactants 

( SADS) (SADDS) (SAHDS) (SADDBS) 

20 72.1 74.5 76.3 78.2 

40 77.3 79.1 82.5 80.1 

60 81.5 86.2 88.4 83.5 

80 83.1 87.1 90.5 85.8 

100 84.6 90.4 92.6 94.3 

150 87.2 91.6 93.0 95.2 
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Table 3Percentage corrosion inhibition efficiency at differentconcentrations of the four investigated surfactants 

(a to d) withadditionof1.0×10
-3

mKMnO4forthecorrosionofcarbonsteelafter24 hours ofimmersion in 1.0M HCl 

at30 
0
C. 

Conc. 

ofSurfactant(ppm) 

PercentageCorrosionInhibitionEfficiencyofSurfactants 

( SADS) (SADDS) (SAHDS) (SADDBS) 

20 74.2 76.3 78.5 80.2 

40 78.5 81.6 84.2 85.3 

60 84.6 88.1 90.3 91.2 

80 85.2 89.5 92.1 94.6 

100 86.3 92.3 94.0 95.3 

150 88.5 94.6 95.6 95.7 

 

Table4 Theeffectof 

concentrationsofcompound(d)onthefreecorrosionpotential(Ecorr),corrosioncurrentdensity(icorr),%agecorrosioninhi

bition efficiency and degree ofsurface coverage (q) for the corrosion of carbon steel in 1.0M HClat 30 
0
C. 

Conc. ofSurfactant 

(d)(ppm) 

-Ecorr,mV icorr,(µA/cm
2
) q Percentage CIE 

Blank 699 83.9 - - 

20 649 33.2 0.70 77.7 

40 644 30.1 0.72 80.6 

60 635 27.4 0.74 84.0 

80 634 25.3 0.80 86.1 

100 630 23.0 0.89 94.7 

150 624 19.6 0.93 95.8 

 

Table 5 The effect of temperature on the corrosion inhibitionefficiency of organic surfactant (SSDBS) at 

differentconcentrationsand temperatures. 

Concentration ofSurfactant(d)

 (ppm) 

30
0
C 40

0
C 50

0
C 

20 75.9 60.7 49.1 

40 78.4 64.3 53.6 

60 79.2 67.4 56.5 

80 81.7 69.0 58.2 

100 82.5 71.3 60.1 

150 83.8 72.2 61.6 
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Table6Activationparametersofthecorrosion ofcarbonsteelin1.0MHCl in absence and presence of different 

concentrations ofcompound(SADDBSS). 

 
 

 
Figure2 PercentagecorroisoninhibitionefficiencyofallthefourorganicsurfactantsforCarbonsteel at30

0
Cin 

presenceof 1.0M hydrochloricacidsolution. 
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Figure3SynergisticeffectofKMnO4onthepercentagecorroisoninhibitionefficiencyofallthefourorganic 

surfactantsfor carbonsteelat30
0
Cin1.0M hydrochloricacid solution. 

 

 
Figure4Effectofincreasingtemperaturei.e.30to50

0
Conpercentagecorrosioninhibitionefficiencyofsurfactant

SADDBSS in caseofcarbon steel. 
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Figure 5Activation parameters i.e. Activation Energy, change in Enthalpy andchange in Entropy for 

Carbon Steel in case of surfactant SADDBSS atdifferent concentrations. 

 

V. Conclusions: 
Four different organic surfactant 

molecules were tested as corrosion inhibitors for 

carbon steel in acidic environment at 30°C. The 

four  organic surfactant molecules acted as 

corrosion inhibitors for  carbon steel in 

hydrochloric acid solution and  corrosion inhibition 

efficiency values as surfactant. is increasing. the 

concentration increases from 20 ppm to 150 ppm. 

Surfactant molecules change the rate of activation 

energy, which also has some effect on the rate of 

corrosion resistance, so the decomposition of 

carbon steel in HCl solution is slower, and the 

mixture of metals in acidic environment is reduced. 

All  four investigated organic surfactant molecules 

acted as hybrid corrosion inhibitors.Inhibition 

performance was demonstrated by electrochemical; 

polarization and weight loss  are compatible with 

each other. An increase in temperature leads to a 

decrease in the corrosion  of carbon steel in the 

HCl solution. It has been found that the addition of 

KMnO4 to the corrosion inhibitor has less 

synergistic effect on the corrosion inhibitory effect 

of organic surfactants on metal. 

 

References: 
[1]. SastriV.S.,Corrosion 

Inhibitors,2003.JohnWileyandSonsChicheste

r,p. 3. 

[2]. BradfordS.A.,2005.CorrosionControl,vanNo

strandReinhold,NewYork p.3. 

[3]. KortumG.andBockrisJ.O’M,2001.TextBook

ofElectroChemistry,Elsevier,NewYork,Vol. 

2, p. 745. 

[4]. LatimerW.M.,1997.OxidationPotential,Prent

ice-Hall,NewJersey,p.39. 

[5]. LaQueF.L.andCoxG.L.,1940.Proc.AmSoc.,T

estingMaterials,40;670.andLaQue 

[6]. F.L.andCopsonN.R.,1995.CorrosionResistan

ceofMetalandAlloys,2ndEd. 

[7]. ReinholdPub.Corp.,NewYork. 

[8]. HackermanN.andHurdR.M.,1992.Proc.1stInt

.CongressonMetallicCorrosion,Londonp. 

166. 

[9]. PandyaR.P.,LangaliaJ.K.,MehtaP.R.,BhatG.

D.andTaquiKhanM.M.,1987.Proc. 

[10]. 10thInt.CongressonMetallicCorrosion,Madra

s,India,3;2849-2859. 

[11]. SekineI. 

andHirakawaY.,1986.Corrosion,42;272. 

[12]. VeresA.,ReinhardG. 

andKalmanE.,1992.Brit.CorrosionJ.,27;147. 

[13]. KalmanE.,VarhegyiB.,BakoI.,FelhosiI.,Kar

manF.H.andShabanA.,2004.J.Electrochem.S

oc., 141;3357. 

[14]. GalkinT.,KotenevV.A.,ArponenM.,ForsenO.

andYlasaariS.,1995.Proc.8thEuro. 

[15]. Symp.onCorrosion Inhibitors,Ferrara, 

ItalyVol.1p.25. 

[16]. RajendranS.,ApparaoB.V.andPalaniswamyN

.,EUROCORR'96Nice,PaperNo.II–p.1. 

[17]. HirozawaS.T.,1995.Proc.8thEuro.Symp.onC

orrosionInhibitors,Ferrara,Italy,Vol.1p. 25. 

[18]. Galkin T., Forsen O.,YlasaariS., Kotenev 

V.A. and Arponen M.,EUROCORR'96 

Nice,PaperNo.II– OR2. 

[19]. RajendranS.,Apparao 

B.V.andPalaniswamyN.,1996.Bull.Electroch



G.Ravi Kumar, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 13, Issue 9, September 2023, pp 46-57 

 

 
www.ijera.com                 DOI: 10.9790/9622-1309465756 | Page 

 

 

em.,12;15. 

[20]. RajendranS.,ApparaoB.V.andPalaniswamyN

.,1996.Proc.2ndArabianCorrosionConferenc

e,Kuwait p. 483. 

[21]. FangJ.L.,LiY.,YeX.R.,WangZ.W.and 

LiuQ.1993.Corrosion,49266. 

[22]. RajendranS.,ApparaoB.V.andPalaniswamyN

.,1995.Proc.8thEuro.Symp.onCorrosionInhib

itors,Ferrara,Italy1;465. 

[23]. GoodR.B.,1983.MaterialsPerformance,22(9

); 29. 

[24]. VanloyanD.,1989. 

WerkstoffeandKorrosion,40;599. 


