Available online at www.derpharmachemica.com

\ Scholars Research Library I'_Qv%‘%-'l

—_— S 2.
Scholars Research ] fa) S
Der Pharma Chemica, 2015, 7(9):22-32 B &z)
(http://derpharmachemica.com/archive.html)
| =~

ISSN 0975-413X
CODEN (USA): PCHHAX

Electrochemical and surface characterization studie on Azathioprine drug as
corrosion inhibitor for carbon steel in HCI Solutions

A. S. Fouda®, A. M. El-wakil %, H. A. Mostafa’, and K. M. A. Elawayeb'?

Mansoura University, Faculty of Science, Departn@themistry, Mansoura, Egypt
“Faculty of Medical Technology, Department of Phaceaical Technology, Misurata University, Libya

ABSTRACT

The hindrance effect of pharmaceutical drug (Azgitine) on metal corrosion in 2M hydrochloric acichs done
by electrochemical (Tafel polarization curves, EARE and chemical (WL) methods. Polarization pfots
compounds how that physical behavior for inhibitbihe temperature effect on inhibition corrosion é@xplained,
the activation parameter was measured. Impedaneeti®ichemical work showed that the existence &f dhiig
decreases the capacitance double laygj(@hd incrementthe resistance of charge transfBy).(The drug
absorption on metal surface was obeyed Temkinthésm. The morphology of surface on metal exampie®
evaluated using (EDX and SEM) analysis. The mashaaf inhibition process was explained for
Azathioprine on the metal surface.

Keywords: C-steel, acid corrosion; Azathioprine drug; EFMSESEM.

INTRODUCTION

Corrosion is defined as a process act a main rolesadety particularly and economics for alloys.ligkdid of

inhibitor is the greatest technique for hindrancerasion, for example in acidic solution [1].C-stem iron alloy
utilized in chemical, metallurgical industries, ethemical. whatever, it readily experieramrosion in different
conditions for environmental [2-5].Solutions of d@re utilized in industry, acid cleaning, the kEggapplication
role for acid pickling, oil well acidizing and acatkcaling. Due to the common strong of acid sohgjdnhibitors
study for decrease the attack of corrosive on tietalloys. Acidic inhibitors well-known as organ@ompounds
contain triple bonds or aromatic ring with O, N,F5,in recent year the efficiency of inhibition dowD<N<S<P[6-
9]. Generally, organic compounds are effectivebitbi on corrosion aqueous solution for many allapsl metals.
The lowering on corrosion rate processes of metd wtilized by chemical inhibitors [10-14].Also ibhion

corrosion of iron organic has been used by coppEr dluminum [22-24]heterocyclic compounds [15-2@ather
metals [25-26] in varies media. The surface of inets changes the corrosion- resisting particufahe metal by
used the adsorption heterocyclic surfactant comgeuy7-28] and explain the connection between threosion
inhibition and adsorption is the most significagterocyclic compounds are the greatest efficidocynhibition of
iron in H2S04[29] and HCI [30]. Also, some autharsed drugs as green inhibitors for corrosion oayalland
metals[31-39].

In present work, we explore the protection of csivn by Azathioprine on metal were utilized surfazamination,
electrochemical and chemical technique. The drugse utized due to high solubility in water,
safe use, containing electronegative atoms a&l & N and-electrons in its compound. s
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MATERIALS AND METHODS
2.1. Composition of Material samples

Table (1). Chemical constituents and weight % of th metal

Constituents Carbon Si Mn P Iron
Composition % 0.2 0.003] 0.35 0.024 rest

2.2. Inhibitor
The Azathioprine drug has been imported from: lmional trading office, (Manufactured in India BfPG LIFE
SCIENCES LIMITED) and used as received.

N N

/
O,N Sz/_{ N

Y= HN-Z

N N—

Chemical Formula: CsH7/N;O,S
Exact Mass: 277.04

2.3. Solutions
2 M HCI was a BDH HCI (37 %) diluted with bidisgill water. The inhibitor concentrations used orearpental
were50 to 250 ppm.

2.4. Technique for corrosion calculation

2.4.1. Mass reduction techniques

Square cones of size 2 x 2 x 2cm were utilizedn thieraded with emery papers grit sizes (300,
900, 1200, 2000) degreased with acetone. The wedaphiction estimations were completed to
100 ml measuring flask dipped in bath water thetatosThe samples were put in the test
arrangement with or without drug. Triplicate sanspleere uncovered for every system and losses
of weight were calculated.

The % IE and metal degree covera@eh@ve been measured using the rel&tibn
%IE=0x100=[1-AWin/AWsee)] X100 (1)

Where AW;.. and AW;,, are the mass losses of C steel / unit area withvathoutinhibitorat
specific time.

2.4.2. Electrochemical technique
Estimations of electrochemical was including patahtnamic polarization, EIS and EFM were perforned3
electrodes cell at room temperature.

Electrochemical estimations utilizing by instrume&damry which incorporates a Gamry frame work takiintp
account ESA400.From the curves of potentiodynandcalculated%(1E) and) were calculated as:

% IE =6 x 100 = [(i:orr_ icorr(inh)) / icorr] x 100 (2)

Whereionnn= the current corrosion density data with drug egdwithout drug, measured by Tafel lines technique.
From spectra of impedance (EIS) data measuredutffieece coveraged] and % IE from the following relation:

Inhibition efficiency =[1-(R./R.)] X100 )
R°.=resistance transfer charge without Azathioprine.
Rct = the resistance charge transfer presence athAgprine

EFM technique were utlized frequencies of 2 and B¥izHigh peaks were study to calculateCF2,CF3, thmsitie
current of corrosion (i), and Tafel slopegi{ andp,) “*.
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2.4.3.Surface Examinations

The specimens of C-steel used for analysis of malggly surface was prepared in 2molarhydrochlorid golank)
andwith250ppm of Azathioprineat room temperature Zodays. The performed examinations used micrascop
electron scanning (JEOL JSM-5500, Japan).

RESULTS AND DISCUSSION
3.1. Weight loss methods
C-steel mass reduction-time plot with the additdizathioprine in 2 malar of acid at concentratiaf different is
shown in Figure (1).Corrosion hindrance is streagth by the inhibitor concentration which appearthe
Table(3).This trend may result formation of a film its surface[42-43].

Table (3). %IE of Azathioprine drugimmersion in 2 M HCI with concentrations at 120 min

" Conc. CR
Inhibitor ppm mg cri* min't %IE
Blank 2M HCI 0.076 | --—--
50 0.017 77.26
100 0.012 83.83
Azathioprine 150 0.009 88.26
200 0.006 92.05
250 0.004 94.70

12 4
—=— Blank (2 MHCI)
1|—®—50ppm
10 4 —4&— 100ppm
—w— 150ppm
J |—<4—200ppm
—»—250ppm
8 -
IS
L ]
g
. 6
0
%)
o ]
0
3
= 47
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0 T T T T T T T T
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Time, min

Figure (1).Mass loss and time curves for metal inN hydrochloric acidwith concentrations of Azathioprine at 25C

3.1.1. Adsorption isotherms

The adsorption type of inhibitor on metal are dssmd by (i) chemical inhibitor structure (ii) eledyte type and
(iii) the nature of the metal and charge.

The adsorption on the surface of metal may regaaded representation process adsorption betweescuies of
water adsorbed on metal surface@gh9dand drug in agueous phase (Qrgnd thé**:

x (H20)ads + Org (sol) & x H20(sol) + Org(ads) 4)
X = ratio of size =adsorbed number water molecelehange

The data of Azathioprine has a good fitted by aggismn Temkin isothermEigure(2) diagram obtains lines straight
with unit slope realizing adsorption of Azathiogrion metal surfadé:

0= (1/f) In KaeC (5)
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Where C =inhibitor concentratiofi,= surface coverage fractional angykconstant equilibrium adsorption obeyed

to the adsorption free energysqsas*®:

Kags= 1/ 55.5 £°¢°a0/RT)(6)

Where constant universal gas equal R and T =alestdotperature.

0.96 ] - R’=0.99342
0'94_. /// R’=0.98421
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Figure (2).Temkin plotted (log Cof theAzathioprineagainst®)

The data of Ky and AGeyfor Azathioprine were measured and writeTiable (4). The AGe,4sis large negative
which indicate that this drug are strongly adsorled ensures that of the adsorption process isapein/*”.

Table (4).Free energy adsorption and Equilibrium castant for Azathioprineon surface at different tempature (25 to 40 °C).

Temp.°C Temkin
f K ade, e -AGogqe, kJ mol*
25 0.24 5.31 14.09
30 0.30 19.09 17.55
35 0.29 28.53 18.86
40 0.30 | 107.73 22.63

3.1.2.Temperature Effect

The effect of temperature was examined by reducaifomass over different temperature from 25t6GBrom data
the corrosion rate higher as the temperature rigk lawering as the higher concentration for Azgbhice.
Activation energy(E, in kJ mot) for the corrosion type was measured utilized &nibs equation:

k=A exp (-E/RT) (7)

k = the rate of corrosion, T = temperature abspRte gas constant and A = Arrhenius constant.

E . values obtained from the line slop@able(5)showed that the ‘Evalue of drug is greater than uninhibiting
solution which suggesting that dissolution of métalow with inhibitor and explain as physical aggtior*®. The

increasing E, values lead to the decrease rate of corrosion kedde formation of a film on the surface of metal
serving as an energy barrier for metal corrd&ibn
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Figure (3).1/T againstLog k diagram for dissolutionof metalwith and without Azathioprine

Entropy ASin J mol* K*) and enthalpyfH'in kJ mol") for process of corrosion were measured by thedry

transition stat@able (5):

Rate = (RT / Nh) expAS/R) &*H"RD

8)

N =number Avogadro's and h = Planck’s constant.

The positive enthalpy signs mirror the endothermi&y of dissolution metal process. Vast and negativiEopy
estimations infer that the activated complex in thte-determining step speaks to an associatidrerahan

dissociation step, implying decline in disorderougurred on heading from reactants to the activedeplex®*>%
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Figure (4).1/T vs log k/T digram for metal in hydrocholric acidwithout and withAzathioprine
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Table(5). Activation parameters for Azathioprine onmetal surface

Inhibitor Conc.,ppm| E, | AH | AS
Freeacid | - 81.9 | 34.3| -0.98
Azathioprine 50 98.0 | 41.5| 418

100 105.2 | 44.5| 63.0
150 105.6 | 44.7 | 62.0
200 112.9| 479 | 82.6
250 110.5| 46.8 | 72.2

3.2 polarization Tafel methods

It is clear FromFigure (5)both reduction cathodic hydrogen reactions andotliisn anodic of metal were
hindrance due to additiofzathioprine to 2molar hydrochloric acid, hindrance was proro@ashwith concentration
large of inhibitor. The curves are direction toifiges and negative potentials with appreciatiortte blank band by
expanding the drug concentration. The conduct dsinates attempted added substances go about ad-type
inhibitors®2. The outcomes demonstrate that the incrementhiibor focus prompts diminish the current density
corrosion (ior), yet the Tafel inclinesp(, B.),are more or less consistent demonstrating thatldlvering on two
reactions (anodic metal disintegration and cathddidrogen diminished)was influenced without affegtithe
dissolution mechanisf®>*.

—— Blank 2M(HCI)
—— 50ppm

—— 100ppm

—— 150ppm

‘ —— 200ppm

i —— 250ppm

1E-7 +——1——T—
16 -14  -12  -1.0

T T T T T
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4

potential, (m v Vs SCE)

Figure (5)digrams of polarization for metalcorrosion on 2M hydrochloric acidfor the Azathioprine at room temprature

Table (6). Effect of Azathioprine concentrations on Tafel slpes & Bc), %IE, E cor.@nd icor. ON Steel

Inhibitor Conc., ppm i corr. -Ecorr. Ba Be % IE
B 2M HCI 1110.0| 427.00 146.5| 201.50|
50 109.0 469.00 1109 163.40 90,2
100 78.2 481.00 108.y 150.90 93/0
Azathioprine 150 68 482.00 112 144.00 93.B
200 59.0 482.00 102.1 147.60 947
250 41.0 491.00 105.9 138.10 963

3.3-Electrochemical impedance spectroscopy (EIS)

The metal corrosion in acid with and without Azattine was described by EIS technique at room teate.

Nyquist band in nonattendance and vicinity of Argthine are show in figure (5)lead to all Nyquisagtams show
a single capacitive loop with and without inhibitdhe EIS are explain in an equivalent circuit modiais includes
the double layer capacitancg @nd the solution resistance R/ addition in parallel to the charge transfeistasice

R, The capacity double layer {Ccan be measured from the following equation:

Cai = ¥2m fnax Re(9)

Wheref,~=frequency maximum. The results from impedanceutafion are obtained ifiable (7 which shows that
the data of Rincrease with inhibitor concentratiGfi. % IE rise with higher concentration inhibitor.

Impedance work utilized the inhibiting charactefstiis compound obtained from Tafel polarizatiorthwmass
reduction technique. The {Lvalues lead to lower while the concentrationhid tompound higher, this result from
a decrease in local dielectric constant and/ornarease in the thickness of the electrical douded®”. The
inhibiting effect of compound was credited to thadlsorption parallel.
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Figure (6).The Nyquist (a) and Bode (b) curves for metalcorrdaen in 2M HCI onnonattendance and vicinity of variais concentrations of Azathioprine
at room temprature
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Figure (7). Electrical circuit equivalent model utlized to fitimpedanceresults

Table (7). parameters reslut from EIS for Azathioprine at room temprature

. Conc., Ca, R,
Inhibitor opm ohmom? | ohm en? 0 IE%
Blank 2M HCI 230 2750 | -mme| | -memeq
50 93.6 175.90 0.844 84.4
100 81.5 235.80| 0.888 88.3
Azathioprine 150 81.2 250.40 0.890 89.0
200 80.6 27460 0.900 90.p
250 75.5 379.50 0.928 928
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3.4. Electrochemical frequency modulation technique (EFM)

“These technique EFM make it a perfect competitor dnline corrosion monitorin§®Figure (8) shows EFM
(current vs frequency) of steel in acid solutionntaining different concentrations of drug. The hanio
intermodulation peaks are clearly visible which amech larger than the background noise. The expgetiah EFM
data were treated using two different models: cetepHiffusion control of the cathodic reaction thetivation
model, the latter a set of three non-linear equatitad been solved assuming that the corrosiomiiiteoes not
change due to the polarization of the working etete ***?The peaks larger were utilized the current cormsio
density (ior), (CF-2 and CF-3)the causality factors and theelTslopes f§c and p,). All parameters were listed in
Table (8).The data presented in Table (8) the maddf drug at a given concentration to the acihbtution down
the corrosion density current this lead to thesmpmunds ac as corrosion inhibition of metal in ecichedium
through adsorption. The causality factors obtaimeder different conditions are approximately eqoathe values
theoretical (2 and 3) demonstrating that the deditee information is verified a good quality”. Thehibition
efficiencies %IE EFM increase by increasing thebitbr concentrations and was measured as fromtiouaO:

%IE = [1-(kconfiocor)] X100 (10)

Where i and i, are corrosion densities current in with and withofinhibitor, respectively. Figure (8) shows
the EFM Intermodulation spectra of carbon steélydrochloric acid solution containing concentratiatifferent of
drug. Larger peaks were used to measugedr{dp.), (icor), and (CF-2 and CF-3) these electrochemical paemse
were listed in Table (8). The data presented in& &) show the addition of any one of tested coumgbat a given
concentration to the acidic solution decreases dtwosion current density which indicating that @muand
corrosion inhibition of metal in acid through adstawon.
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= = 1E64
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£ 1564 . k g
3 N | ’ 3 1E74
1E7
: 1E8
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Figure (8).EFM for meal in 2 M Hydrochloric acid unlucky deficiency and vicinity of distinctive convergances ofrdig
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Table (8)Electrochemical dynamic parameters got by EFM methd for meal in the unlucky deficiency and vicinity & different amassings of
Levofloxacin in 2M hydrochloric acid at 250C

Inhibitor Cp‘?;ﬁ" . A e | b | CF@ | cF@) | 0 | %iE

B 2MHCI | 4264 | 585 | 53200 | 121 | 298 | — | —

50 1281 | 1016 | 95030 | 1.39 | 2.82 | 0.700] 70.0

100 | 1027 | 1123 | 99.000 | 1.80 | 2.70 | 0.759] 75.9

Azathioprine | 150 | 9043 | 1053 | 98.300 | 1.60 | 2.70 | 0.788| 78.8
200 | 8483 | 1058 | 95.400 | 1.60 | 3.00 | 0.801] 80.1

250 | 68.63 | 122.3 | 109.000| 2.03 | 3.02 | 0.839] 83.9

3.5- Scanning electron microscopy (SEM)studies
Figure (9)sthat the micrographs obtained for steel sampl#s avid without250ppm of azathioprine immersion in 2
days. It is clear that surfaces of carbon stedésfifom severe corrosion attack in the blank sampl

Pure sample

Blank

Inhibitor

Figure (9). SEM micrographs for carbon steel in absence and psence of 250 ppm of Azathioprine

We noticed the arrangement of a film which is dispd in an arbitrary manner in general surfacehefdarbon
steel. This may be translated as because of tlw@is of the Azathioprine on the carbon steefesie joining into
the aloof film so as to square the dynamic siteildlon the carbon steel surface. Alternately beeaaf the
association of inhibitor particles in the connewtioith the response destinations of carbon stedhee, bringing
about a lessening in the contact between carbeh atel the forceful medium and successively disglafantastic
restraint impacf™.
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4. Corrosion inhibition mechanism

The adsorption of medication particles can be bedrito the presence of polar unit having iotasitbgen and
oxygen and fragrant/heterocyclic rings. In this wine conceivable response focuses are unsharedfpelectron
hetero-atom and-electrons of sweet-smelling rift’. The adsorption and hindrance impact of medicatianticles
in 2 M HCI arrangement can be clarified as takdsrafIn fluid acidic arrangements drug atoms egigiter as
unbiased particles or as protonated particles aaygladsorb on the metal in corrosive arrangemeatfatte by one
and a greater amount of the accompanying wayseléytrostatic collaboration of protonated particlegh
effectively adsorbed chloride particles, (ii) conmimation between unshared electron sets of heteas-and empty
d-orbital of iron surface molecules. The conceieablarification of the hindrance is because of gokson
procedure which is considered as the key of theument of restraint activity. It may be recommethdieat the
medication particles stick to the steel surfacds Tnompts a reduction of the surface zone at whathodic and
anodic responses occur. Restraint productivitthefrhedication particles relies on upon numeroumfd® which
incorporate the quantity of adsorption dynamic f®E=uin the atom and their charge thickness, atsm&, and
method of cooperation with metal surf4¢€® The transition of metal in solution interface withstate of active
dissolution to the passive state of great intefBsé inhibition effect is attributed to the adsawptof the inhibitor
molecules via their functional group onto the mesaiface, so drug can be adsorbed in the form gathesly
charged species on the metal surface which carauttelectrostatically with positively charged metarface given
increase the surface coverage and consequentlgcprefficiency controlling the anodic metal disswo and
cathodic evolution hydrogen. The adsorption ratesgally rapid due to the reactive metal is shiglfem the
aggressive environment.

CONCLUSION

1) The Azathioprine establish a very good inhibition imetal corrosion in HCI solution

2) Azathioprine inhibit corrosion ofC-steel by adsdopton its surface and act better than the passiide film
3) The inhibition efficiencies of the compound increthwith expanding of their concentrations

4) Capacitances double layer lower with respect takb&olution when added the drug.

5) The adsorption of Azathioprine follows adsorptibemkin isotherm

REFERENCES

[1]G., TrabanelliCorrosion47(1991) 410.

[2]Larabi, L., Harek, Y., Traisnel, M., Mansria, A. Appl. Electrochen34 004 833.

[3]Samide, A., Bibicu, I., Rogalski, M. S., Predi&, Corros.Sci 47 005 1119.

[4]Abdallah, M.,Corros. Sci46 004 1981.

[5] Ashassi-Sorkhabi, H., Ghasemi, Z., Seifzadeh Appl.Surf. Sck49 Q005 408.

[6]J.G.N.Thmas, 5th European Symposium on Corrokibibitors, Ferrara, Italy198Q
[7]B.D.C.Donnelly, T.C.Downie. R.Grezeskowiak, HFR&mburg and D.Shor€orros.Sci18(1977109.
[8]A.B.Tadros and Y.Abdel-Nahyl.Electroanal.Chemr224 (988 433

[9]N.C.Subramanyam, B.S.Sheshardi and S.A.Maya@ioeps.Sci 34(1993563.

[10] B. Babu, Ramesh, K. Thangavahti-Corros. Meth. Mater52 2005 219.

[11]A.S. Fouda, H.A. Mostafa, F. El-TaibHaekel, GElewady,Corros. Sci47 005 1988.

[12] R. Yurchenko, L. Pogrebova, T. Pilipenko, TiuBina,Russian J. Appl. Cherii9 006 1100.

[13] S.A. Hossain, A.L. Almarshaiorros. Eng. Sci. Technotl Q006 77.

[15]N., z[14] S.M. Abd El-Wahaab, G.K. Gomma, H.Y. El-Ban&d. Chemical Technol. Biotechn®6(2007435.
Hajjaji;1., Ricco, A., Srhiri, A., Lattes, M., Soiabui, A., BenbachirCorrosion 49 (1993 326.
[16]M.,Elachouri , M.S., Hajji, M., Salem, S., KiyR., Coudert, E.M., Essas€§lprros. Sci, 37(1995381.
[17]H., Luo, Y.C., Guan, K.N., HarGorrosion 54 (1998 619.

[18] M.A., Migahed,E,M,S., Azzam, A.M., Al-SabagWiater.Chem.Phys85@004) 273.

[19] M.M., Osman,A.M.,Omar, A.M., Al-SabagiMater.Chem.Phys50@1997) 271.

[20] F., Zucchi,G., Trabanelli, G., Brunor@prros.Sci, 331992 1135.

[21] R.F.V., Villamil, P., Corio, J.C., Rubim, M.LSilivaAgostinhoJ.Electroanal.Chem472 (1999 112.
[22] T.P., Zhao, G.N., MuCorros.Sci.41 (19991937.

[23]S.S., Abd El Rehim,H., Hassan., M,A., AmMater.Chem.Phys70Q001) 64.

[24] S.S., Abd El Rehim, H., Hassan., M,A., Amitater.Chem.Phys78 @003 337.

[25] R., GuoT., Liu, X., WeiColloids Surf. A, 209002 37.

[26] V., Branzoi,F., Golgovici, F., BranzdJater.Chem.Phys78R002122.

[27] F., BentissTraisnel, M., Lagrenéeorros.Sci 42000 127.

[28] M.A.B., Christopher, A.R.G., Isabel Jeni@orros.Sci.36 (1994 915.

[29]M., Elachouri,M.S., Hajji, M., Salem, S., Kdrtl., Aride, R., Coudert, E., Essas&orrosion 52(1996103.

31
www.scholarsresearchlibrary.com



A. S. Foudaet al Der Pharma Chemica, 2015, 7 (9):22-32

[30]A.S., Algaber, E.M., EI-Nemma, M.M., Saléiater.Chem.Phys862004) 26.

[31] A.K. Singh, M.A. QuraishiCorros. Sci52 010 152 -160.

[32] M.S. Morad,Corros. Sci50 008 436 — 448.

[33] D. Mareci, Gh. Nemtoi, N. Aelenei, C. Bocaifiyro.Cells Mater 10 005 1-7.

[34] I.A. Von Fraunhofer, S.H. Stidhamh, Biomed. Eng13 (1991) 424—-428.

[35] N.O. Eddy, S.A. Odoemelam, E.C. Ogoko, B4, IPort.Electrochim. Acta28 010 15— 26

[36] E.C. Ogoko, S.A. Odoemelam, B.I. Ita, N.O. Eddort.Electrochim. Acta27 Q009 713-724.

[37] A. Samide, B. Tutunaru, C. Negrila, I. Trandaf. Maxut,Dig.J. Nanomater. Bios$ (2011)663-673

[38] A.S. Fouda, M. Abdallah, I. S. Ahmed, M. Eidsa J. Electrochem. S¢i9, 4747,2014).

[39] Imran Nagvi, A. R. Saleemi, S. Naveduter.J.Electrochem.Sc6 (2011) 146 - 161

[40]G.N., Mu, T.P., Zhao, M., Liu, T., G@Gorrosion52(1996 853.

[41] S. S. Abdel-Rehim, K. F. Khaled, N. S. Abd-Half, Electrochim. Acta 512006 3269.

[42]A.K., Maayta, N,A F., Al-RawashdeRorros. Sci4620041129.

[43]J., Aljourani, K.,Raeissi, M.A.,Golozatorros. Sci, 51 £0091836.

[44] A.Galal, N.F.Atta and M.H.Hassaklater.Chem.Phys39 005 28-37.

[45]G., Moretti, G., Quartanone, A., Tassan, AndgélesWekst. Korros 451994 641.

[46]H., Ashassi-Sorkhabi, N., Ghalebsaz-Jetitiifer. Chem.Phys92:4802005.

[47]1B.B.,.Damaskin, O.A.,Petrii, V.V.,Batrakov, Adstion of Organic compounds on Electrodes, Plenuss$
New York, @977).

[48]J.,Lipkowski, P.N., Ross (Eds.), Adsorptiondblecules at Metal Electrodes, VCH, New York902.

[49]S. L. F. A, Da Costa and S. M. L.,Agostinl@nrros. Sci.45 (1989 472

[50]E.F., EI-SherbinyMater. Chem. Phy$0 (1999 286—-290.

[51]A.S., Fouda, A.A., Al-Sarawy, E.E., El-Katobgsalination 201 00§1-13.

[52] H., Amar, A., Tounsi, A., Makayssi, A., Derja, Benzakour, A., Outzourhfforros.Sci 49007 2936.
[53]M.A., Migahed, E.M.S., Azzam, S.M.l., Morsgprros.Sci, 512009 1636.

[54]M., Benabdellah, R., Touzan, A., Aouniti, A.®afali, S., El-Kadiri, B., Hommouti, M., BenkaddguPart I:
Electrochemical study, Mater.Chem.Ph¥85 @007 373.

[55] I. Sekine, M. Sabongi, H. Hagiuda, T. Oshibk, Yuasa, T.Imahc, Y. Shibata, and T.Wale Electrochem.
Soc.; 1391992 3167.

[56] L.Larabi, O.Benali, S.M.Mekelleche and Y.Haréppl.Surf.S¢i253 00§ 1371.

[57] M.Lagrenee, B.Mernari, B.Bouanis, M.TraisnatlaF.BentissCorros.Sci 44 002 573.

[58] G. A.Caigman, S. K. Metcalf, E. M. Holt,Chem. Cryst30, 415, 2000.

[59] D.C. Silverman and J.E.Carriddational Association of Corrosion Engineg#gl (1988, 28

[60] R.A., Prabhu, T.V., Venkatesha, A.V., Shanhh@gM., Kulkarni, R.G., KalkhambkaEprros.Sci.,502008
3356.

[61] G., Moretti, G., Quartanone, A., Tassan, Angales, Wekst. Korros 451994 641

[62] E. Khamis, F. Bellucci, R.M. Latahision andSh. El-Ashry,Corrosion47 (9) (991 667.

[63] C. Y. Chao, L. F. Lin, and D. D. MacdonaldElectrochem. Soc128 (1981) 1187.

[64] I. M. Ritchie, S. Bailey, and R. Woodadv. Colloid Interface Sci80 (1999 183.

[65] G. N. Mu, T. P. Zhao, M. Liu, and T. G@prrosion

32
www.scholarsresearchlibrary.com



