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ABSTRACT

The inhibition efficiencies of a new derivatives igfidazopyridine namely 7-methyl- 2-phenyl imiddig2-
a]pyridne-3-carbaldehyde, 6-chloro-2-(4-fluoroph&midazo[1,2-a]pyridine and 6,8-dibromo-2-phenyidazo
[1,2-a]pyridine on corrosion of carbon steel in mgdhloric acid solution was investigated by weidbss,
potentiodynamic polarization and electrochemicgbédance spectroscopy (EIS). The experimental seebtained

by Gravimetric method showed that these compoumelsgaod inhibitors for our steel. It were achievad
inhibition efficiencies in the range 90.28-95.6986 10°M at 298K which decreased with decreasing of the
inhibitors concentrations. There adsorption on giteel surface according to the Langmuir isotherndeh@nd it's
selected into a mixed-type .The results of gravimanhethod are in good agreement with Electrochaic
Impedance Spectroscopy (EIS) methods.
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INTRODUCTION

The acid solution especially hydrochloric acid islely used in many industrial processes becaushedf special
chemical properties for picking, cleaning and désgathe metallic installation. [1-3] As consequenc the
damages caused by application of this acid arenlgtthe high cost for inspecting, repairing angdlaeement but
constitute also a public risk. [4]

The most effective and preferred option to dapiaftect the solution in place of the metal by gsiine inhibitors in
order to reduce the acid attack and protection cdsps] A large number of inhibitors used at thegent are
organic compounds[6-10].It's containing heteroatamh as sulphur, phosphorus, nitrogen, oxygen,\effem was

had an aromatic ring and conjugiitelouble or triple bonds[11-14].

The adsorption of inhibitors depends to the natune surface charge of metal, the electrolyte usedtze chemical
structure of the inhibitors[15].
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The imidazopyridine derivatives are important malac used in pharmaceutical industry such as aatjvanti-
inflammatory, and antibacterial [16]. Beside thisgre are considered one of the most organic congsosuch as
pyrazole[17-18], imidazole [19-20] and pyridine {23] which demonstrated that they are excellentbitdrs
against corrosion of metal.

The objective of this investigation is to determite inhibition efficiency of three imidazopyridirgerivatives
namely7-methyl- 2-phenyl imidazo [1,2-a]pyridne-&4taldehyde, 6-chloro-2-(4-fluorophenyl)imidazoFl,2
a]pyridine and 6,8-dibromo-2-phenylimidazo[1,2-ajdine Shown in tablel as new synthesized produactid
steel corrosion in 1M HCI. This investigation wasnducted by weight loss measurements and elecimiche
methods which carried out to study the mechanisnmcarfosion inhibition .the thermodynamic and kineti
characterization is obtained and discussed.

Table 1.molecular structures, name and abbreviatios of studied imidazopyridine derivatives

Molecular Name Abbreviation
HsC N
/ —
\ N / 7-methyl- 2-phenyl imidazo [1,2-a]pyridne-3-carketigde P1
O
/ N
/
/ F 6-chloro-2-(4-fluorophenyl)imidazo[1,2-a]pyridine 2P
\ N
Cl
Br
/ — N 6,8-dibromo-2-phenylimidazo[1,2-a]pyridine P3
N N /
Br

MATERIALS AND METHODS

2.1. Material preparation

The corrosion tests were performed on a mild steetaining (in wt %) 99.21 Fe, 0.38 Si, 0.21 C,50Mn, 0.05 S,
0.09 P and 0.01 Al the surface of the specimersl wgas mechanically polished with different gradeemery
paper (from 180 to 1200), rinsing with double disti water, degreasing in acetone and drying befming
immersed in the acid solution. the hydrochloriautoh acid 1M was prepared by dilution of analytigeade 37% .
the concentrations of inhibitors used in HCl 1M W&8M-10M.

2.2.Weight loss measurements

Weight loss measurement carried out by weighingntiié steel before and after immersion in acid soluwhich
contains a various concentration of inhibitor us&€tle experiments were performed in a cell equippitth a
thermostated cooling condenser at different tempera (308K, 318K, 328K and 338K) in solution pnegoh

2.3. Electrochemical test

The electrochemical studies were performed by uaipgtentiostat Tacussel- Radiometer PGZ 100 anttaited

by analysis software model voltamaster 4. The erpart was carried out a conventional of three ebelet glass
cell. The specimen was used as the working eleetradsaturated calomel electrode (SCEs) as theenzie
electrode and a platinum wire as the counter eldetr The working electrode was in the form of aasquwith
exposed surface area 1 cm2 which was subsequewatind with 1200 grit grinding papers, cleaned bstitiéd

water, degreased with acetone
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The working electrode was immersed in solutione@sturing 30 min until obtained the open circuitgmtial. The
polarization curve was recorded from -700 to-200/8CGE with a scan rate of 1 mV.S-1. Firstly, thehodic
branch was determined then the anodic branch&ftestablished of the open circuit.

The impedance spectroscopy measurements recordbd apen circuit potential in the frequency raffigan100
KHz to 10mHz.The impedance spectra are a semiagiegeesented in the Nyquist diagram.

2.4. Scanning electron microscopic
The surface morphology of the steel samples inatheence and presence of P1, P2 and P3 was invedtigfer
immersion time in 1 M HCI solution using SEM (FEO®IPANY QUANTA 200).

RESULTS AND DISCUSSION

3.1. Gravimetric measurement

3.1.1. Effect of concentration

The evolution of corrosion rate before and aftaditaoh of inhibitors studied on C38 steel in HCI 2Whs decided
by weight loss measurement for 6h of immersion @K2 The values calculated of My and the inhibition
efficiency (Ew %) determined by the following egoat[24] :

A
corr 5T

w
(1)

E% = ek . 100
corr (2)

Weorr andW,, are the corrosion rate of steel without and wittheiahibitor, respectively.

Table 2. Corrosion rate of steel in 1M HCI with andwithout inhibitors at various concentrations, andthe corresponding inhibition

efficiency
L Concentration Weorr IE
Inhibitor Mol | (mg.cn?hd) | @) | °
HCI 1M -- 0,6521 - -
10-6 0.3911 40.02 0.400
P1 10-5 0.3056 53.142 0.531L
10-4 0,1593 75.56 0.75p
10-3 0,0633 90.28 | 0.902
10-6 0.2838 56.471 0.564
P2 10-5 0.1991 69.44 0.694
10-4 0.1285 80.29 0.802
10-3 0.0478 92.65 | 0.926
10-6 0.2716 58.34 0.588
P3 10-5 0.2197 66.29 0.662
10-4 0.0657 89.91 0.899¢
10-3 0.0280 95.69 | 0.956

The plot of the corrosion rate versus concentratiaplayed in figure 1 shows that the highest &fficy in the
present work condition was obtained with a conegiun of 10° M for all inhibitors and its decrease with
decreasing of concentration.

On the other hand, the variation of inhibition eiffincy with concentration of inhibitors is plottéd figure 2;

showing an opposite trend compared to the corrasits In fact, a significant increase of (IE %plstained upon
addition of quite low concentrations of inhibitaaad reaches the highest value to 95.69%, 92.65%9@r&8% in
the concentration of 1.
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Figure 1 & 2 illustrate the variation of corrosion rate and efficiencies with concentration of inhibior

» Adsorption isotherm

The adsorption isotherm is important to give usinfation about the interaction between the inhibénd mild
steel surface. This adsorption depends on sevarahgeters such as the nature and charge of thedaogrmetal,
the inhibitor's chemical structure and the charggtrithution in the inhibitor's molecule. For ourtibitors a several
adsorption isotherms are assessed but the best §ttaight line is obtained from the plot gf,® versus G, with
slopes around unity.
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Figure 3. Langmuir adsorption isotherm of P1, P2 ad P3 on carbon steel surface in 1 M HCl at 298 K
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As a result our inhibitors were obeyed to the lrang’s adsorption isotherm by following equatiorb]2

Cink 1 A - 1 o BadsG
8  Kagy T Umb (3] with Regs =gz 2P ("= 18

Where Ksis the adsorption equilibrium constant ax@°,4sis the standard free energy of adsorption, 55.vi@e
of the molar concentration of water in the solutj@]

Table 3. Thermodynamic parameters for the adsorptia of P1, P2 and P3 onto the mild steel surface inM HCI at 298K

Inhibitor | slope Kogs Re | DaasG
(L.mol}) (KJ.mol?)

P1 1.09 9,83.16 | 0.999 -39,75
P2 1.07 1,46.16 | 0.999 -42,08
P3 1.04 1,14.16 | 0.999 -44,85

Table 3 summarizes the equilibrium constant and émergy of adsorption values. The negative vatfietandard
free energy of adsorptiohG’,4sensure the spontaneity of adsorption processd@d]stability of the adsorbed layer
on the steel surface. It is show that the calcdlat&’,s values, is ranging from -44.85 to -39.75 kJ mol-1,
indicating, therefore, that the adsorption mechanaf the inhibitors tested on mild steel surfaceliiM HCI
solution as typical of chemisorptions. The possihchanisms for chemisorptions can be attributetigéalonation
n-electron by the aromatic rings; the nonbinding &t pair of two nitrogen of imidazopyridine degiv

3.1.2. Effect of temperature

The temperature can change the interaction betwnsitth steel and acidic solution with or without ibftbrs.
Generally the corrosion rate increases with the ofstemperature. At the present study, weight fasasurements
are taken at range of temperature 308-338K in fiserace and present of inhibitors during 2h of ingiegr andthe
corresponding results shown in table 4.

Table 4. Influence of temperature on the corrosiomate and inhibition efficiency of mild steel in 1 MHCI at different concentrations of

P1, P2 and P3
. P1 p2 P3
Temr()%ature Conc(e,\;:;ratlon Woor E Woor E W E
(mgem?h?) | (%) | (mgem?h?®) | (%) | (mgcm?h?) | (%)
-- 1,2187 -- 1,2187 -- 1,2187 --
10° 0,1559 87,20 0,1459 88,02 0,0687 94,36
308 10° 0,3332 72,66 0,3009 75,30 0,2139 82/44
10° 0,6146 49,56 0,4635 61,96 0,4966 59,24
10° 0,7891 35,25 0,7527 38,24 0,6949 42198
-- 1,8312 -- 1,8312 -- 1,8312 -
10° 0,3066 83,25 0,3081 83,17 0,1230 93,28
318 10° 0,6821 62,74 0,6354 65,29 0,4869 73/40
10° 1,1673 36,25 0,8982 50,94 0,9689 47)09
10° 1,2338 32,62 1,3293 27,40 1,1423 37/61
-- 2,7430 -- 2,7430 -- 2,7430 -
10° 0,5606 79,56 0,5901 78,48 0,2878 89,50
328 10° 1,3528 50,67 1,1799 56,98 0,9469 65/47
10° 1,9381 29,34 1,7206 37,27 1,6246 40)77
10° 2,0883 23,86 2,1382 22,04 2,0791 24,20
-- 4,5291 -- 4,5291 -- 4,5291 -
10° 1,1350 74,93 1,2657 72,05 0,6891 84,78
338 10° 2,4857 45,11 2,2148 51,09 1,8725 58/65
10° 3,4698 23,38 3,3473 26,09 3,1200 31,11
10° 3,9210 13,42 4,0473 10,68 3,7429 17,35

As can be seen from the table 5, the corrosionatfixed temperature, decrease with increasingootentration
for the three inhibitors. Moreover, it is increaséh the rise of temperature both in inhibited aminhibited
solutions. In other side, the inhibition efficieasiof each inhibitor decrease slightly with incireg®of temperature
to attairy4.93% for P1,72.05% for P2 and84.78% for P3 at 1GM in338K which explain the figure 4. This result
indicate that the higher temperature dissolutiosteél predominates on adsorption of inhibitorslistsiat the metal.
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Figure 4.Variation of corrosion rate with temperature for mild steel in 1 M HCI in the presence of 18M of P1, P2 and P3

Inspection of Table 4 and figure 4 showed that agion rate increased with increasing temperaturé fo
uninhibited and inhibited solutions while the iniitn efficiency of three inhibitor temperature. decrease in
inhibition efficiencies with the increase temperatin presence of the inhibitors might be due t@keming of
physical adsorption.

The influence of temperature on the kinetic coonsprocess leads to get more information aboutrptiea of
inhibitors on metallic materials. In order to cdite activation parameters for the corrosion precésrhenius Eq.
(5) and transition state Eq. (6) were used [28]:

(=2
W__ = Ael®
COrr E (5)
W _ KT (&5* AH*
“NhTPAR JE""’ C gr’ ©)

Where W, is the corrosion rate, R the gas constant, T ltiselate temperature, A the pre-exponential fadtdhe
Plank's constant and N is Avogrado's number, Eadttigation energy for corrosion proceas]* the enthalpy of
activation and\S* the entropy of activation.
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Figure 5. Arrhenius plots of mild steel in 1 M HClat different concentrations of P1, P2 and P3

The apparent activation energy was determined ttoenslopes of logarithm of corrosion rate versu¥TL@raph
depicted in Figure 5. The intercepts of the linemt the calculation of the values of the pre-angntial factor (A)
and the slopes which equal (-Ea/RT) allowed therdgnation of the activation energy (Ea).

In other hand, the values of enthalpy and entrdpgctivation determined from the Plots of Lag.d, /T) vs. 16/T
give a straight line with a slope AH°/R and an intercept of (Log(R/Nh)AS°/R) as shown in Fig. 6

The calculated parameters in the absence and peesémhibitors are regrouped in Table 5.

Table 5. Activation parameters EaAH* and AS* of mild steel dissolution in 1 M HCI in the absace and in the presence of P1, P2 and P3
at different concentrations

: Ea AH ASH
Concentration (M) (kd.mol?) (kd.mol?) (3.K-molY)
HCI M 37,53 34,85 142,70

PL [ P2 P3| Pi] P2[ P3| PL P2 P3

10° 55,69 61,72] 67,04 5300 59,04 6488 -10082 -817171,37

10° 57.13| 57,25 62,16 54,46 5487 5948 896  -89|9476.78

10° 48,29 56,96] 52.20 4561 5448 4952 11325 -87,5202,29

10° 4501 47.76] 4886 4238 4508 46.8 -122|35 -1134810.72

Inspection of Table 5 showed that the value of Etemiined in 1M HCI containing inhibitors is hightitan

uninhibited solution for the three inhibitors. Therease in the apparent activation energy mayntergreted as
physical adsorption that occurs in the first stf#f]. Popova et al. [30] pointed out that the daseesof inhibition

efficiencies may be attributed to the specific iatdion between the iron surface and the inhilitmnponents. The
change of the values of the apparent activatiomgée® may be explained by the modification of thechanism of
the corrosion process in the presence of adsomtabditor molecules [31] and could be often intetpceas an
indication for the formation of an adsorptive filmg a physical (electrostatic) mechanism [29].
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Figure 6. Arrhenius plots of InW,./T versus 1000/T at different concentrations of PIR2 and P3

The positive sign of the enthalpiasi® reflect the endothermic nature of the steelaliggn process and mean that
the dissolution of carbon steel is difficult algbe increases ofAS° is generally interpreted as an increase in
disorder as the reactants are converted to theateti complexes [32].

In this study our inhibitors reflect an endothermiature and the values @fS° increases negatively with the
presence of the inhibitor than the non-inhibite@,areflecting the formation of an ordered stabigteof inhibitor
on the steel surface. As was trace the isotherrorptsn in the effect of concentration, the onesetfect of
temperature are represented in figure 7 which algained with Langmuir isotherm. As a result theapaeter of
equilibrium constant and standard free energy rgagd in table 6.
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Figure 7. Langmuir isotherm adsorption model on thesteel surface for P1, P2 and P3in 1 M HCI
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As we seen in effect of concentration, the valuefrae energyA,4G° in the rise of temperature are around of-
40KJ.mol* which explains the nature chemisorption of thrégkitors.

Table 6. Thermodynamic parameters for the adsorptiorof P1, P2 and P3 on C38 steel at different tempdtaes

Inhibitor | Temperature (K) K ads AaaG° (KI/mol) | AagH® (KI/mol) | AwgS°® (KI/mol)

308 3,34.10 -36,98

P1 318 6,58.10 -39,98 -10,44 38.89
328 5,92.10 -40,94
338 3,19.10 -40,45
308 1,19.10 -40,24

P2 318 7,08.10 -40,17 -11,1 36.73
328 4,63.10 -40,27
338 3,35.10 -40,59
308 7,64.10 -40,49

P3 318 5,14.10 -40,27 -18,3 34,69
328 3,96.10 -40,63
338 3,32.10 -41,01

In order to continue our study, the parameter ahdard enthalpy and standard entropyof inhibitioocess was
calculated from the integrated version of the vdalff isobar expressed by equation (7) [33] andttie@modynamic
equation (8) respectively.

*'i"adsH=
anrirads = — ? + cfe @)
&adsG: - 'ﬁadsH: - T&adssz ©)

These parameter calculated from the plotting of ¥ersus 18T showed in figure 8

2,95 3,00 3,05 3,10 3,15 3,20 3,25
1000/T (K™)

Figure 8. The linear dependence with Ln Kqsversus 1000/T for P1, P2 and P3

The negative sign aH’,q indicates that the adsorptions of our molecules areexothermic process. In an
exothermic process, physisorption is distinguisfresn chemisorptions by considering the absolutauadf a
physisorption process is lower than 40 kJ Thalhile the adsorption heat of a chemisorptions @secapproaches
100 kJ mol-1 [33]. in our case, the values’,q0f our inhibitors are less than 40KJ.Mpko we can suggest that
P1, P2 and P3 have physisorption process. Whilpak#ive values ofA,4S° meaning that our molecules adsorbed
onto the mild steel surface with a disordering way.

3.2. Polarization curves

The potentiodynamic polarization curves of C38 IsieeHCL 1M in the presence and absence of differen
concentrations of P1, P2 and P3 are shown in Fi§urehe corresponding electrochemical parameteiigegeof
corrosion current densities,{}), corrosion potential (&), cathodic Tafel slope3€), anodic Tafel slopeé) and
inhibition efficiency (EI %) of our molecular araramarized in Table7.

In this case, the inhibition efficiency is definasl following equation:
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E% — JEW_IE?%F:
IED‘?"?" (9)

Wherel, .. andl;,, are the corrosion current density values in treeabe and presence of inhibitors respectively.
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Figure 9: Polarization curves for mild steel in 1 MHCI in the absence and presence of different conegation of P1, P2 and P3

According to Yan et al. [34] an inhibitor can begdified as cathodic or anodic type if the dispiaeeat in corrosion
potential is more than 85 mV/(SCE), with respectcofrosion potential of the blank. This confirmsattfour
compounds classified as mixed-type inhibitor witegominance cathodic. We also observed that patentalues
higher than -350 mM4, the compound starts to be desorbed.

Table 7.Potentiodynamic polarization parameters ofhe stainless steel in HCI solution without and wit addition of P1, P2 and P3at

298K
Inhibitors | Concentration | E (mV/ECS) | Icorr (pA.cm-2) | -pa(mV.dec-1) | pc (mV.dec-1)| E(%)
HCI 1M -- -406,8 1044,3 117,6 151,5 --
10° 439,8 121,9 82,2 203,3 88,32
P1 10* -435,4 153,7 91,6 188,9 85,48
10° -441,9 318,7 95,1 176,3 69,48
10° -447 4 653,1 113,3 176,1 37,46
10° -437,6 71,2 105,2 240,7 93,18
P2 10* -432,9 119,6 75,2 188,6 88,94
10° -447,3 279,5 88,1 171,2 73,33
10° -454,7 536,1 104,8 166 48,66
10° -432 57,1 89,1 227,8 94,53
p3 10* -444.,9 105,7 74,1 189,7 89,87
10° -449,9 338,9 86,8 168,5 67,94
10° -448,9 410 90,2 159,4 60,73

The table 7 shows the decrease of the current tilmnsgj,, with the increase in P1, P2 and P3 concentrathis,
decreasing indicates the increased inhibition iefficy of our inhibitor. These results reflect tbenfiation of anodic
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protective films containing oxides. We remark alat the efficiency of P3>P2>P1 for the various caortration
which can be approved also to the presence of béaloglike Br, Cl, and F in P3 and P2 which favomod
adsorption than P1.

3.3.Electrochemical impedance spectroscopy (EIS)

To complete our study, we imply the EIS method. Higure 10 shows the Nyquist diagrams for syntleskiz
corrosion inhibitor in acid hydrochloric molar 888K without and with various concentrations of ihigibitors. The
high frequency loops are not perfect semicircleklvican be attributed to the frequency dispers®a eesult of the
roughness and inhomogeneous of electrode surfasle [Breover, the diameter of the capacitive loopthe
presence of inhibitor is bigger than that in theeaize of inhibitor (blank solution) and increaséh whe inhibitor
concentration. This indicated that the impedancinbibited substrate increased with increasinghef ¢orrosion
inhibitor concentration. These results show alsd the corrosion rate is reduced in the presendbeotorrosion
inhibitors, at a fixed inhibitor concentration 3@, following the order: P3 > P2>
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Figure 10.Impedance plot of mild steel obtained itHCIl 1M in the absence and presence of various comgeations of inhibitors
The R, values were used to calculate the inhibition &fficy E% according to the following equation:
Ret—Ret(inh)
E%= = 100
«* (10)

Where R; and Rynn) are respectively the charge transfer resistandbeérabsence and the presence of inhibitor,
respectively. The values of@ere obtained atf,using equation (11)

1

.E’ —_
dl
Eﬂfmﬂ.l'RE!: (11)
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Table 8.Impedance parameters of mild steel in 1M HIzontaining different concentrations of the studie compounds

inhibitors | Concentration Rt Cdl fmax E
(mol.LY) (Q.cn?) | (uFlen?) | (Hz) (%)
HCI 1M -- 41,04 155 14,15 --
P1 10° 320,3 39,74 112,33 87,18
10* 229,3 55,51 80,62| 82,10
10° 117,7 67,57 41,54| 65,18
10° 72,85 87,38 24,87| 43,6p
P2 10° 469,9 21,4 181,95 91,26
10* 287,3 35 102,65 85,71
10° 120,5 66,02 41,28 65,94
10° 79,21 80,36 26,78 48,18
P3 10° 535,8 18,76 | 206,58 | 92,34
10* 300,8 33,43 109,68 86,3p
10° 110,7 71,84 41,21 62,92
10° 99,4 80,02 34,67| 58,71

From the impedance data (table 8) we concludeth®avalue of R increases with increasing of concentration of
inhibitors which indicates also an increase indbeosion efficiency to attain maximum values of 2 91.26 and
87.18% at 18M for P3, P2 and P1 respectively.

The impedance of Nequist representation was arglyyditting the experimental data to a simple eglént circuit
model shows in Figure 11. This circuit as a solutiesistance Rwhich placed in serie with the double layer
capacitance gand the charge transfer resistange \Rhich is in parallel.

CPE
Rs !l
—f f—
Pt
Rp
Figure 11. Equivalent electrical circuit model coresponding to the corrosion process on the carbonest in hydrochloric acid
95
CERE
92 1~
" ag B Grametric
Y B Polarization
25 +° Impedance
24 1
g2 = g
F1 P2 F3

Figure 12. Inhibition efficiency of different inhibitors in HCI 1M
A comparison may be made between inhibition efficieE (%) values obtained by different methods @gheioss,

polarization curves and EIS methods). Figure 12uvsha histogram that compares the E (%) values rdxaiOne
can see that whatever the method used, no sigmifateanges are observed in E (%) values. We canabeclude
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that there is a good correlation with the threehmés used in this investigation at all tested cotretions and those
inhibitors is an efficient corrosion inhibitor.

3.4. Scanning electron microscopic (SEM)

Beside the weight loss measurement and electrochémeist, the surface analysis is too importarghow if our
inhibitors adsorbed into the specimens surface @t 8EM photographs were obtained after immersion o
specimens surface in solution during 6hwith andhetit the optimum concentration of inhibitors (Fig3-14).

The Figure 13 indicates the finely polished chamastic surface of mild steel although the preseotesome
scratches due to polishing. (a) and the stronghatged in the absence of inhibitors due to thectia¢tack of
aggressive acids (b). By comparing the fig 13tolffg it appears that mild steel surface is freenfedrrosion in
HCI solution. This is due to the formation of arsaxbed film of P1, P2and P3 on the surface. Thisvshthat the
inhibitor inhibits corrosion of mild steel in 1 MG solution.

Figure 14. SEM image of mild steel after 6 hours dmmersion in 1M HCI solution with 10° M of inhibitor P1, P2 and P3

CONCLUSION

The following conclusion can be drawn from thisdstu

¢ Our molecular are a good inhibitors for steel inlH® especially P3.

« The inhibition efficiency increase with an increaéénhibitive concentration to attains 95% for &310°M.
¢ P1, P2 and P3 act as mixed type with predominaattedic.

¢ The three inhibitors adsorbed on the steel sudacerding to the Langmuir isotherm.

¢ Gravimetric, Polarization and Impedance methodsreaegood agreement for all inhibitors.

¢ These results confirm that our compounds are baylsimnd chemisorption mechanism.
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