
INTRODUCTION

Mild steel is choice of material of construction in most of

the chemical industries. Corrosion of mild steel is a significant

concern for the chemical processing industry. Corrosion failure

can disrupt production or cause unintended release of chemicals

into the environment. Sulphuric acid is widely used in chemical

as well as petrochemical industries for acid pickling, acid

descaling, industrial cleaning, petrochemical processes and

chemical process development. During the course of pickling,

there is the danger that metal dissolution from already cleaned

metal surface will occur after the removal of the oxides, scale

or other coatings. This involves the loss of metal as well as

more acid consumption. The mild steel corrosion also involves

formation of nascent hydrogen which gets dissolved in metal

in atomic form. That gives rise to decrease in the ductility of

metal known as pickling brittleness. Inhibitors are added to

the acid to prevent these disadvantages associated with a metal

corrosion in pickling1. Organic molecules are used to inhibit

mild steel corrosion in acid solutions2-11.

The corrosion inhibition of metal may involve either

physisorption or chemisorption of the inhibitors to the metal

surface and subsequent interference with either cathodic or

anodic or both reactions occurring at the adsorption sites. The

electrostatic attraction between the charged hydrophilic groups

and the charge active centres on the metal surface leads to

physisorption. The existing data show that most of the organic
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inhibitors are adsorbed on the metal surface by displacing water

molecules on the surface and forming a compact barrier film12.

Organic compounds containing heteroatom such as nitrogen,

sulfur, phosphorous, oxygen etc. and aromatic ring, heterocyclic

ring, double bond, triple bond in their structure serves as good

corrosion inhibitors of metals with great effectiveness especially

in aggressive acidic environment13-15. Compounds containing

more than one heteroatom like nitrogen and sulfur in their

structure serves as excellent corrosion inhibitor than those

containing nitrogen or sulfur alone16. Availability of non-

bonded (lone pair) and p-electrons in alkenes, alkynes and

aromatic rings in inhibitor molecules may involve in chemiso-

rption. The strength of the coordinate covalent bond thus

formed depends upon the electron density and polarizability

of the donor atom of the functional group17. Chemical adsorption

has a free energy of adsorption and activation energy higher

than physical adsorption and, hence, usually it is irreversible.

In case of alkynes it has been proposed that the alkynes

undergoes polymerization to form a protective film (coating)

on the metal surface18 and the film prevents mass transport

and results in inhibition of corrosion19. Some researcher groups

have investigated corrosion inhibition efficiency of naturally

occurring materials in acidic media such as natural honey20,21,

henna22, opuntia extract23, guar gum24, jojoba oil25, artemisia

oil26 and Telferia occidentalis extract27.

The inhibitive capabilities of antifungal drugs clotrimazole

and fluconazole on corrosion of aluminum in HCl has been
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reported by Obot et al.28. Some quinoline derivatives have been

found effective corrosion inhibitor for mild steel in sulfuric

acid29,30. Inhibition of steel corrosion in acid solution by

pharmaceutically active compounds such as pheniramine,

mebendazole31,32, ketoconazole, cefazolin, doxycycline and

diethylcarbamazine33-35 have been investigated. Rhodanine

azosulpha and some antibacterial compounds have been

reported by Abdallah36,37 as efficient corrosion inhibitors in

acidic media.

In present study, we intend to find out inhibition property

of pharmaceutically active compound clopidogrel towards

corrosion of mild steel in 1M sulfuric acid. Surface coverage

by clopidogrel over mild steel substrates in corrosive environ-

ment was studied using SEM. Possible mechanism of inhibition

based on electrochemical and surface analytical studies has

been explained.

EXPERIMENTAL

Mild steel coupons having composition wt % (C- 0.16 %,

Si- 0.10 %, Mn-0.40 %, P-0.013 %, S-0.02 % and remaining

as iron) have been used as working electrode in the present

investigation. For electrochemical polarization and weight loss

studies, coupons of 1.0 cm × 3.0 cm × 0.025 cm were sheared

from the commercial grade sheet. The surface of mild steel

coupons were abraded successively by different grades of

metallographic emery papers 1/0, 2/0, 3/0 and 4/0 obtained

from Sianor, Switzerland, so as to get the surface free from

scratch and other apparent defects. The polished samples were

washed with soap solution, rinsed with bi-distilled water,

degreased with acetone and finally dried. The surface treatments

were carried out immediately before each experiment of corro-

sion test. The aggressive solution was made of AR grade

sulphuric acid obtained from Merck Chemicals. One molar

solution of sulfuric acid was prepared with double distilled

water. The organic inhibitor clopidogrel was used as received

without further purification. The chemical structure of clopidogrel

is shown in Fig. 1. The measurements were carried out in

aerated non-stirred 1M sulphuric acid solution at concentration

range of 10-500 ppm as the corrosion inhibitor.

Fig. 1. Chemical structure of clopidogrel

Weight loss measurements: Weight loss measurements

were carried out in a glass vessel with 100 mL of 1M H2SO4

solution with and without concentration of inhibitors ranges

from 10-500 ppm. The immersion time for weight loss was

24 h at 30 ± 1 ºC. After immersion the coupons were withdrawn,

rinsed with double distilled water, washed with acetone, dried

and weighed. The experiment was carried out in duplicate and

the average value of weight loss was noted.

Electrochemical measurements: Electrochemical measu-

rements were carried out on the steady state open circuit

potential (OCP). The variation of corrosion potential of mild

steel in 1M H2SO4 was measured against saturated calomel

electrode in absence and presence of various concentrations

of inhibitors. The time dependence of open circuit potential

for different experiments was recorded for 2 h exposure period.

Then same sample was used for potentiodynamic polarization

(PD) experiments. Potential was swept between -0.5 to +0.5

V at the scan rate of 5 mV/s. Different electrochemical results

obtained from potentiodynamic polarization are reported in

Table-2. The polarization studies were carried out in unstirred

solutions. For electrochemical polarization studies (corrosion

potential and potentiodynamic polarization) flag shaped

specimens with sufficiently long tail were cut from the mild

steel sheet. These samples were polished as described earlier

leaving a working area of 1 cm2 on both sides of the flag and

a small portion at the tip for providing electrical contact. Rest

of the surface was coated with enamel lacquer including side

edges. The test specimen was connected to the working

electrode holder through the tip of the tail. About 50 mL of

the corrosive medium was taken in a mini corrosion testing

electrochemical cell. This volume was appropriate to permit

desired immersion of electrodes.

Electrochemical measurement system, DC 105, contai-

ning software of DC corrosion techniques from M/S Gamry

Instruments Inc., (No. 23-25) 734, Louis Drive, Warminster,

PA-18974, USA has been used for performing corrosion

potential and polarization experiments. The electrochemical

studies were performed in a three electrodes Pyrex glass vessel

with mild steel coupon as working electrode, saturated calomel

electrode as reference electrode and spectroscopic grade

graphite rod as counter electrode.

Scanning electron microscopic analysis: The composi-

tion and surface morphology of corrosion product on mild

steel sample after 24 h immersion in 1M H2SO4 in the absence

and presence of 250 ppm of clopidogrel, was studied by a

scanning electron microscopy (SEM). The accelerating voltage

for SEM picture was 10.0 KV.

RESULTS AND DISCUSSION

Weight loss measurement: Weight loss data of mild steel

in 1M H2SO4 in the absence and presence of various concen-

trations of inhibitor were obtained and are given in Table-1.

Inhibition efficiencies (IE %) were calculated according to

previous report38:

100
W

)WW(
%)IE(

0

corr0 ×
−

= (1)

where Wcorr and W0 are the weight loss of mild steel in the

presence and absence inhibitor, respectively.

The results show that the inhibition efficiencies increase

with increasing inhibitor concentration. The results obtained

from the weight loss measurements are in good agreement

with those obtained from the electrochemical methods.

Adsorption isotherm: The surface coverage values, θ,

(defined as θ = IE %/100), increases with increasing inhibitor

concentration as a result of adsorption of more inhibitor
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TABLE-1 

WEIGHT LOSS DATA FOR INHIBITION OF CORROSION OF 
MILD STEEL EXPOSED TO 1M H

2
SO

4
 WITH DIFFERENT 

CONCENTRATION CLOPIDOGREL 

Inhibitor 
Conc. 
(ppm) 

Weight 
loss (mg) 

Surface 
coverage 

(θ) 

Inhibition 

efficiency 
(E %) 

Blank  
Clopidogel 

 

 

 

 

– 

10 

30 

50 

100 

250 

500 

194 

121 

52 

41 

36 

29 

15 

– 

0.3762 

0.7320 

0.7887 

0.8144 

0.8505 

0.9227 

– 

37.62 

73.20 

78.87 

81.44 

85.05 

92.27 

 
molecules on the steel surface (Table-1). If molecular adsor-

ption at the metal/solution interface is the mechanism through

which the corrosion inhibition occurs, several adsorption

isotherms can be tested. The simplest, being the Langmuir

isotherm, is based on the assumption that all adsorption sites

are equivalent and that particle binding occurs independently

from nearby sites being occupied or not. Under these circum-

stances, the proportionality between surface coverage θ
and bulk concentration C of the adsorbing compound is as

follows39:

)1(
KC

θ−

θ
= (2)

here K is the equilibrium constant. It is convenient to rearrange

the equation, yielding:

K

1
C

C
+=

θ
(3)

Plot of log (θ/1 – θ) against the log C gave straight lines

with the slope of unit (Fig. 2), which indicates that the adsor-

ption of these compounds on the mild steel surface obeys the

Langmuir isotherm. Adsorption parameters of clopidogrel are

mentioned in Table-2.

Fig. 2. Adsorption isotherm of clopidogrel

TABLE-2 

ADSORPTION PARAMETERS OF CLOPIDOGREL 

C log C θ (1-θ) θ/(1-θ) log θ/(1-θ) 

0.000010 -5.0000 0.3762 0.6238 0.6031 -0.2196 

0.000030 -4.5229 0.7320 0.2680 2.7313 0.4364 

0.000050 -4.3010 0.7887 0.2113 3.7326 0.5720 

0.000100 -4.0000 0.8144 0.1856 4.3879 0.6423 

0.000250 -3.6021 0.8505 0.1495 5.6890 0.7550 

0.000500 -3.3010 0.9227 0.0773 11.9366 1.0769 

 

Open circuit potential measurement (OCP): The electro-

chemical behaviour of mild steel in 1M H2SO4 was studied by

monitoring change in corrosion potential (Ecorr.) with time. The

change in open circuit potential of mild steel in absence and

presence of various concentrations of inhibitor clopidogrel in

1M H2SO4 is shown in Fig. 3.

Fig. 3. Corrosion potential of mild steel exposed to 1M H2SO4 solution

with different concentrations of clopidogrel

The change in open circuit potential of mild steel in absence

and presence of inhibitors were measured for period of 2 h

with sample period of one data per second. The potential attains

steady state after exposure of 0.5 h. The steady state potential

is an equilibrium state at which Iox. is equal to Ired. It has been

observed that open circuit potential of mild steel from moment

of immersion in 1M H2SO4 tends towards more negative value

in absence of inhibitor. This shows corrosiveness of medium

which is due to breakdown of pre-immersion, air formed oxide

film on the metal surface. In the presence of various concen-

trations of inhibitors the steady state potential of mild steel

shifts more towards positive value. This is due to adsorption

of inhibitors on metal surface resulting in passivation of metal.

The influence of various concentration (10, 30, 50, 100,

250 and 500 ppm) of clopidogrel on open circuit potential of

mild steel in 1M H2SO4 is given in Fig. 3. It is obvious from

figure that, it exhibit good inhibition performance at 100 ppm

and above. Inhibition efficiency increases with increase in

concentration of clopidogrel.

Potentiodynamic polarization measurement: Fig. 4

depicts typical potentiodynamic polarization curves for mild

steel in 1M H2SO4 solution in the absence and presence of

different concentrations of clopidogrel at 30 ºC.

Fig. 4. Potentiodynamic polarization curve of mild steel exposed to 1M

H2SO4 with different concentrations of clopidogrel
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The corrosion inhibition efficiency was calculated by

using the following equation:

o

o

i

)ii(100
 %)(IE efficiency Inhibition

−
= (4)

where io and i are the corrosion current densities in the absence

and presence of inhibitor in the solution, respectively. Various

corrosion parameters such as corrosion potential (Ecorr), anodic

and cathodic Tafel slopes (βa, βc), the corrosion current density

(Icorr) and the inhibition efficiency (IE %) are given in Table-3.

It can be seen from the experimental results derived from

polarization curves that in the presence of these compounds

Icorr decreases significantly at all of the studied concentrations.

The presence of clopidogrel resulted in a slight shift of the

corrosion potential towards the active direction in comparison

to the result obtained in the absence of the inhibitor. Both the

anodic and cathodic current densities were decreased indi-

cating clopidogrel suppressed both the anodic and cathodic

reactions. This phenomenon may be due to the existence of a

phenyl ring having high electron density40,41. Clopidogrel

shows maximum inhibition efficiency of 93 % at 500 ppm,

which may be attributed to the presence of thiophene ring

containing sulfur in its structure. The unchanged Tafel slopes

βa and βc in the presence of clopidogrel is indicative that the

inhibitor acted by merely blocking the reaction sites of the

metal surface without changing the anodic and cathodic

reaction mechanisms. The results demonstrate that the hydrogen

reduction is inhibited and that the inhibition efficiency increases

with inhibitor concentration. In the anodic region, the polari-

zation curves of mild steel show that the addition of clopidogrel

decreases current densities in a wide range of potential. These

results suggest that clopidogrel act as a mixed-type inhibitor

of the corrosion of mild steel in H2SO4 medium. Similar

behaviour has already been reported for other organic comp-

ounds42,43. The results found from the weight loss are in good

agreement with the polarization curves.

Scanning electron microscopic (SEM) analysis: SEM

micrographs obtained from unexposed and exposed specimen

coupons in 1.0M H2SO4 for 24 h in the absence and presence

of 250 ppm clopidogrel which are shown in Fig. 5, respec-

tively. The accelerating voltage for SEM scanning was 10 KV.

The results obtained from weight loss and electrochemical

measurements were further supported by SEM analysis.

It could be visualized from Fig. 5b that the specimen

surface was rougher and was strongly damaged in the absence

of the inhibitor. Fig. 5c shows SEM micrograph of the mild steel

surface after immersion in 1.0M H2SO4 containing 250 ppm

(a)

(b)

(c)

Fig. 5. SEM micrographs of mild steel samples (a) unexposed polished

mild steel surface (b) after immersion in 1M H2SO4 solution without

inhibitor, (c) after immersion in 1M H2SO4 solution in presence of

250 ppm of clopidogrel

TABLE-3 

ELECTROCHEMICAL PARAMETERS FOR INHIBITION OF CORROSION OF MILD STEEL 
EXPOSED TO 1M H2SO4 WITH DIFFERENT CONCENTRATION OF CLOPIDOGREL 

Conc. (ppm) βa (V/dec.) βc (V/dec.) Icorr (µA cm-2) Ecorr (mV) Corr. rate (mpy) 
Inhibition 

efficiency (%) 

Control clopidogrel 120.5e-3 174.7e-3 4020 -555.0 1835 – 

10 

30 

50 

100 

250 

500 

90.0e-3 

77.9e-3 

74.3e-3 

65.6e-3 

60.7e-3 

55.9e-3 

142.1e-3 

132.9e-3 

135.0e-3 

136.9e-3 

138.4e-3 

141.3e-3 

2480.0 

1010.0 

820.0 

653.0 

649.0 

307.0 

-545.0 

-531.0 

-530.0 

-527.0 

-528.0 

-516.0 

1134.0 

459.4 

374.9 

298.5 

296.4 

140.1 

38.31 

74.88 

79.60 

83.76 

83.86 

92.63 
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of clopidogrel. It could be observed that extent of damage to

mild steel surface is very less, the rate of corrosion was reduced

considerably in the presence of inhibitors, it revealed that there

was a good protective film adsorbed on metal surface, which

acted as a barrier and was responsible for the inhibition of

corrosion.

Mechanism of corrosion inhibition: Electrochemical and

weight loss methods have been employed to study the

behaviour of mild steel in acid media, in the presence of

clopidogrel. The increase of inhibition efficiency with incre-

asing inhibitor concentration indicated that a higher coverage

of inhibitor on the surface was obtained in a solution with

higher concentration of inhibitor. The first stage in mechanism

of corrosion inhibition in acid media is adsorption of inhibitor

molecule on the metal surface44. In most inhibition studies,

the formation of donor-acceptor surface complexes between

p-electrons of inhibitor and the vacant d-orbital of metal were

postulated45,46. Since clopidogrel is organic base, addition of

an acid to the aqueous solution of clopidogrel will transform

neutral molecule in to the respective cations.

The process of adsorption is influenced by the nature and

charge of the metal, chemical structure of inhibitor and the

type of aggressive electrolyte. The zero charge potential (PZC)

is defined as the metal potential measured against the reference

electrode under conditions of zero charge on the metal. At the

zero charge potential the ionic double layer is absent at the

electrode, at the zero charge potential an electrode is best able

to adsorb substance dissolved in the electrolyte. The ability of

an electrode to adsorb organic molecules is reduced in the

presence of potential difference at the ionic double layer. This

is because the field pulls in water molecules having high

electric constant, dislodging organic molecules from the

surface. Thus the adsorption capacity of an electrode is a

maximum close to the zero charge potential. The charge of

the metal surface can be determined from the potential of zero

charge on the correlative scale (ψc)
47 by the equation:

0qcorrc EE =−=ψ (5)

where, Eq=0 is the potential of zero charge. However, value of

Ecorr obtained in H2SO4 is: -555 mV versus SCE. The zero

charge potential of iron is - 650 mV versus SCE in H2SO4
48.

Therefore, the values of ψc in sulfuric acid are positive and

hence, the mild steel surface acquires positive charge. Accor-

dingly, sulphate ions (in H2SO4 solution) are firstly adsorbed

on the metal surface and consequently, the mild steel surface

becomes negatively charged. Due to electrostatic attraction,

the protonated molecules of these organic compounds are

adsorbed (physiosorption) and high inhibition is expected49.

Clopidogrel molecule is adsorbed on the mild steel surface

through unshared pair of electrons present on S-atoms of

unsaturated five membered ring, hence, clopidogrel shows

higher efficiency in H2SO4 solution. Besides electrostatic

interaction, chemisorption of these compounds is most probable

through their planar p-p orbitals on the metal surface having

vacant d-p orbitals. Iron has incomplete d-sub shell, therefore

acts as an acceptor of electrons. This is verified by the data for

its catalytic activity and its affinity towards metal complex

formation50-52. Instead of this, d p-d p bonds are also formed

by the overlap of 3d-electrons of Fe-atom to vacant 3d-orbital

of S-atom in case of clopidogrel and hence, clopidogrel

molecules are strongly adsorbed on the mild steel surface.

Conclusion

The results proved that clopidogrel displayed good corro-

sion inhibition for mild steel in 1M H2SO4 solution. Clopidogrel

works as mixed-type of inhibitor because both cathodic and

anodic curves are shifted in positive direction. The percentage

inhibition efficiency increases with increasing the concentration

of the inhibitor. Adsorption of the inhibitor molecules on mild

steel surface obeys the Langmuir adsorption isotherm. SEM

examination of mild steel surface showed the presence of

protective surface film formed on mild steel surface which

inhibits metal dissolution in H2SO4 and retards hydrogen

evolution (mixed-type inhibitor).

ACKNOWLEDGEMENTS

The authors thank the Department of Science and Techno-

logy (DST), Ministry of Science and Technology, Government

of India for financial assistance. The support of Metallurgical

Engineering Department, Indian Institute of Technology,

Mumbai is highly acknowledged for SEM analysis.

REFERENCES

1. W. Machu, In Proceedings of the Third European Symposium on Corro-

sion Inhibitors, University of Ferrara, Ferrara, Italy, p. 107 (1970).

2. F. Bentiss, M. Traisnel and M. Lagrenee, Corros. Sci., 42, 127 (2000).

3. A. Chetouani, A. Aouniti, B. Hammouti, N. Benchat, T. Benhadda and

S. Kertit, Corros. Sci., 45, 1675 (2003).

4. M. Lagrenee, B. Mernari, N. Chaibi, M. Traisnel, H. Vezin and F. Bentiss,

Corros. Sci., 43, 951 (2001).

5. S.S. Abd El-Rehim, S.A.M. Refaey, F. Taha, M.B. Saleh and R.A.

Ahmed, J. Appl. Electrochem., 31, 429 (2001).

6. A.B. Tadros and B.A. Abd El-nabey, J. Electroanal. Chem., 246, 433

(1988).

7. H. Luo, Y.C. Guan and K.N. Han, Corrosion, 54, 721 (1998).

8. S.T. Arab and E.A. Noor, Corrosion, 49, 122 (1993).

9. F. Bentiss, M. Traisnel, N. Chaibi, B. Mernari, H. Vezin and M. Lagrenee,

Corros. Sci., 44, 2271 (2002).

10. K. Tebbji, H. Oudda, B. Hammouti, M. Benkaddour, M. El Kodadi, F.

Malek and A. Ramdani, Appl. Surf. Sci., 241, 326 (2005).

11. M. Bouklah, A. Attayibat, S. Kertit, A. Ramdani and B. Hammouti,

Appl. Surf. Sci., 242, 399 (2005).

12. S. Muralidharan, K.L.N. Phani, S. Pitchumani, S. Ravichandran and

S.V.K. Iyer, J. Electrochem. Soc., 142, 1478 (1995).

13. E.E. Oguzie, V.O. Njoku, C.K. Enenebeaku, C.O. Akalezi and C. Obi,

Corros. Sci., 50, 3480 (2008).

14. V.R. Saliyan and A.V. Adhikari, Corros. Sci., 50, 55 (2008).

15. K.C. Emregal and O. Atakol, Mater. Chem. Phys., 82, 188 (2003).

16. F. Kandemirli and S. Sagdin, Corros. Sci., 49, 2118 (2007).

17. N. Hackerman, R.M. Hurd, In Proceeings of Int. Congress of Metallic

Corrosion, Butterworths, London, p. 166 (1962).

18. F.B. Growcock, W.W. Frenier and V.R. Lopp, In Proceedings of 6th

European Symposium on Corrosion Inhibitors, Ann. Univ. Ferrara, N.S.,

Sez, V. Suppl. No. 7, p. 1185 (1980).

19. A.Y. El-Etre, Corros. Sci., 40, 1845 (1998).

20. A.Y. El-Etre and M. Abdallah, Corros. Sci., 42, 731 (2000).

21. H. Al-Seharibani, Mater. Wissen Werkst. Technol., 35, 1060 (2000).

22. A.Y. El-Etre, Corros. Sci., 45, 2485 (2003).

23. M. Abdallah, Portug. Electrochim. Acta, 22, 161 (2004).

24. A. Chetouani, B. Hammouti and M. Benkaddour, Pigm. Resin Technol.,

33, 26 (2004).

25. A. Bouyanzer and B. Hammouti, Pigm. Resin Technol., 33, 287 (2004).

26. E.E. Oguzie, Pigm. Resin. Technol., 34, 321 (2005).

27. I.B. Obota, N.O. Obi-Egbedi and S.A. Umoren, Corros. Sci., 51, 1868

(2009).

28. I.B. Obot and N.O. Obi-Egbedi, Corros. Sci., 52, 282 (2010).

Vol. 24, No. 4 (2012) Effect of Clopidogrel on Corrosion Inhibition of Mild Steel in 1 M H2SO4  1763



29. I.B. Obot, N.O. Obi-Egbedi and N.W. Odozi, Corros. Sci., 52, 923 (2010).

30. I. Ahamad, R. Prasad and M.A. Quraishi, Corros. Sci., 52, 3033 (2010).

31. I. Ahamad and M.A. Quraishi, Corros. Sci., 52, 651 (2010).

32. I.B. Obota and N.O. Obi-Egbedi, Corros. Sci., 52, 198 (2010).

33. A. K. Singh and M.A. Quraishi, Corros. Sci., 52, 152 (2010).

34. S.K. Shukla and M.A. Quraishi, Corros. Sci., 52, 314 (2010).

35. A.K. Singh and M.A. Quraishi, Corros. Sci., 52, 1529 (2010).

36. M. Abdallah, Corros. Sci., 44, 717 (2002).

37. M. Abdallah, Corros. Sci., 46, 1981 (2004).

38. H. Ashassi-Sorkhabi, B. Shaabani and D. Seifzadeh, Appl. Surf. Sci.,

239, 154 (2005).

39. M.G. Hosseini, S.F.L. Mertens and M.R. Arshadi, Corros. Sci., 45, 1473

(2003).

40. T.-X. Wu, Z.-J. Li and J.-C. Zhao, Chem. J. Chin. Univ., 19, 1617 (1998).

41. J. Wang, C. Cao, J. Chen, M. Zhang, G. Ye and H. Lin, J. Chin. Soc.

Corros. Protect., 15, 241 (1995).

42. W.J. Lorenz and F. Mansfeld, Corros. Sci., 21, 647 (1981).

43. L. Elkadi, B. Mernari, M. Traisnel, F. Bentiss and M. Lagrenee, Corros.

Sci., 42, 194 (2000).

44. R.R. Anand, R.M. Hurd and N. Hackerman, J. Electrochem. Soc., 112,

138 (1965).

45. F. Bentiss, C. Jama, B. Mernari, H.E. Attari, L.E. Kadi, M. Lebrini, M.

Traisnel and M. Lagrenée, Corros. Sci., 51, 1628 (2009).

46. S. Muralidharan, M.A. Quraishi and S.K.V. Iyer, Corros. Sci., 37, 1739

(1995).

47. A. Hermas, M.S. Morad and M.H. Wahdan, J. Appl. Electrochem., 34,

9 (2004).

48. K. Parameswari, S. Chitra, J. Rajpriya, S. Kavitha and A. Selvaraj,

Global J. Sci. Frontier Res., 10, 24 (2010).

49. L. Tang, X. Li, L. Li, G. Mu and G. Liu, Mater. Chem. Phys., 97, 301

(2006).

50. S.M. Reshetnikov, Acid Corrosion Inhibitors of the Metals, Khimia,

Leningrad, Russia (1986).

51. I.L. Rozenfeld, Corrosion Inhibitors, Khimia, Moscow, Russia (1977).

52. A. Popova, M. Christov, S. Raicheva and E. Sokolova, Corros. Sci.,

46, 1333 (2004).

1764  Dubey et al. Asian J. Chem.


