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ABSTRACT

The inhibitive action of azure A (AA) against tleerosion of mild steel (MS) in 0.5 M,BQ, solution was studied
by gravimetric and electrochemical techniques. ifingbition efficiency increased with increase imcentration of
AA. The adsorption of AA on mild steel surface sldegngmuir adsorption isotherm. Polarization me&snents
showed that the studied inhibitor is mixed typénwignificant reduction of cathodic and anodic ant densities.
Electrochemical impedance spectroscopy measuremevdaled that the charge transfer resistance iases with
increase in the concentration of AA. Various thedgmamic and adsorption parameters are evaluated and
discussed. The inhibition efficiency of AA syneicatly increased by the addition of KI. The retati between
inhibition efficiency and molecular structure of AAdiscussed by considering quantum chemical patars.
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INTRODUCTION

Among different corrosion protection methods, aggtion of inhibitor is one of the most conveniengthods for
getting protection against corrosion of steel iidamedia. The study of organic compounds as acitosion
additives is a subject of continual interest dusdweral industrial applications such as acid pigkldescaling and
oil well cleaning. Hence, several organic compoutmistaining nitrogen, oxygen and sulphur have tstedied by
several workers [1-8]. The efficiency of these bitdrs depends on chemical composition, structfitbe inhibitor
and nature as well as state of the metallic suf@cél]. Most organic inhibitors are adsorbed be imetal surface
by displacing water molecules and forming a comectier film [12]. The molecules that contain batitrogen
and sulfur in their structure are of particular orance, since these provide excellent inhibitidmew compared
with the compounds that contain only S or N [13JodWlof the efficient inhibitors used in industriase organic
compounds having multiple bonds in their molecutestaining N and S atoms [14]. Dyes have been ased
effective corrosion inhibitors in acid medium besauthey possess molecular structure recommended for
investigation as possible corrosion inhibitor [105:2

Synergistic corrosion inhibitor plays an importaate both in theoretical and practical research].[Zlorrosion

inhibition synergism takes place due to ion-pafeiiaction between organic cation and anion. Syeerdietween
organic inhibitors and halide ions in metal coroosin acid solution has been investigated by masgarchers [22-
24]. Synergistic inhibition effects of organic ibitor/metallic ion mixture [25] and organic inhibis/organic

inhibitor mixture [26] on the corrosion of metafsacid media have also been reported.
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Azure A (AA) is a water soluble thiazin dye formlegithe oxidation of methylene blue. It is strongigtachromatic
(One dye exhibiting two different color reactionaid is used in making azure eosin stain for bkmoéar staining.
In the present investigation, the inhibitive penfiance of AA on mild steel in 0.5 M ,8Q, at different
temperatures has been studied by gravimetric, potimamic polarization and electrochemical impexan
techniques. The inhibition mechanism has been disml on the basis of molecular properties suchised
moment, energies of the highest occupiggh(;o) and lowest unoccupiedE(,uo) Molecular orbitals and Mulliken
charges. The present work was also designed torstade the effect of synergistic inhibition betwe®f and T
ions on the corrosion inhibition of mild steel in$0, medium.

MATERIALS AND METHODS

Materials and test solutions
Corrosion tests were performed on mild steel hategfollowing composition (wt %) 0.016 P, 0.322 @01 Al,
0.062 Cr, 0.05 Mn, 0.09 C, 0.05 S and the remainider (Fe). Azure A(AA), (3-amino-7-(dimethylamino)
phenothiazin-5-ium chloride) was procured from Sagaidrich and used without further purification. &bhemical
structure of AA is shown in Fig. 1. A stock solutiof AA (10 mM) was prepared by weighing an appiater
amount and dissolving in 0.5 M,BG0, and series of concentrations (0.5 mM - 5 mM) warepared from this stock
solution. The Kl used was obtained from Merck, andtock solution of 20 mM was prepared by weighémg
appropriate amount of the salt and dissolving B . H,SO,. All other chemicals used were of analytical grade
purity.

N

N

/

H4C
TN S NH,
+

CH, Cl

Fig 1: Chemical structure of AA.

Weight loss measurements

The test specimens were used in the form of coupathsa dimension of 1 cm x 1 cm x 0.3 cm. Befose,uthese
coupons were polished with different emery papetaup200 grade, washed thoroughly with doubletkstiwater,

degreased with AR grade ethanol and acetone, aed dt room temperature. After weighing accuratéhe

specimens were immersed in 200 miSE), with and without addition of different concentmats of AA. All the

aggressive acid solutions were open to air. Aftard immersion the specimens were taken out, whsiréeed and
weighed accurately. Experiments were carried ottijicate. The average weight loss of three pekrabecimens
was obtained. Relative weight losses of the coupaTe used to calculate the percent inhibitioncedficy IE (%).

Then the tests were repeated with different comaganhs of the inhibitor and at varying temperasure

Electrochemical studies

Polarization and EIS experiments were carried sirigia CHI660D electrochemical workstation. A thedectrode
cell configuration consisting of rectangular mitéed specimen as working electrode (WE), a platirlectrode as
counter (CE) and a saturated calomel electrode YSGEa reference was used. The specimen was ptedre
similarly as done in the gravimetric measuremeflisexperiments were carried out in 0.5 M$0, medium at 30
°C using a thermostatically controlled water bateiper, India) under aerated condition and at chffie
concentrations. Potentiodynamic polarization meaments were performed in the potential range fré00-to
+500 mV with a scan rate of 0.4 mV:.sThe AC impedance measurements were performeueifréquency range
of 10 to 0.05 kHz with signal amplitude of + 10 mbhe equivalent circuit is shown in Fig. 2.
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Fig 2: Equivalent circuit diagram.

Quantum chemical calculations

The molecular structure of AA was fully geometrigalptimized by AM1 semi-empirical method (3-21G4mset)
with Spartan’ 08 V1.2.0. Four main related paramsgt¢he energy of the highest occupied moleculdpitalr
(Enowmo), the energy of the lowest unoccupied moleculdital (E ywo), energy gapAE = Epomo - ELumo), and
dipole moment|f) were gained.

IE (%)

Fig 3: Variation of IE (%) as a function of temperaure and concentration of AA.

RESULTS AND DISCUSSION

Gravimetric measurements

Table 1 shows the values of corrosion ra@g)( inhibition efficiency (IE%) and degree of surfacoverage &)
obtained from gravimetric measurements of mildlste¢he absence and in the presence of variouserdrations
of AA at different temperatures in 0.5 MO, solution after 6 h of immersion. The valuesGafand IE (%) were

calculated using the following equations:

AW
R= E (l)
IE(%) = % % 100 @)
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where AW is the weight lossSis the surface area of the specimen?gtis immersion time (h), an@x is
expressed in mg cirh™.

Table 1: Cr and IE (%) obtained from weight loss measurements of nid steel in 0.5 M HSO, containing various concentrations of AA at
different temperatures

Temperature

c, 30°C 40 °C 50°C 60 °C

m - S;’_z LI Sﬁ’_z i | EOO) | S;'_z i | EOO) | g Sﬁ’_z oo | E )

0 1.99] - 451 - 7.71¢ - 15.40 -

05| 0.698 64.94) 1657 | 633p  2.507 66.83 5.426 64.77
10 | 0624 | 68.66 1.380 | 69.46 _ 2.196 7163 4561 70.39
15| 0553 72.23 1234 | 7260 _ 2.015 73.88  4.209 72.67
20 | 0.463 76.75 1119 | 7528 1.827 76.81 3.699 75.98
25 | 039C | 80.41 | 095( | 78.0: | 1491 | 80.6: | 2099t | 80.5¢

3.C | 029¢ | 84.9¢ | 0.70¢ | 844z | 1.001 | 85.7¢ | 2.42¢ | 842

4.0 0.177 91.13 0.402 91.10 0.621 91.95 1.47% 90.42
5.0 0.155 92.21 0.383 91.5p 0.601 92.20 1.289 91.63

The data in Table 1 reveals that the addition of de&reases markedly the corrosion rate of mild.stde IE (%)
increases as the concentration of added AA is asa@ at all temperatures, and when the concemtnatéched to 5
mM, IE (%) of AA reached a high value of 92.21 at°€, which represents excellent inhibitive abi(iyg. 3). This

is due to the fact that, adsorption and the degfeairface coverage of inhibitor on the mild steefreases with the
inhibitor concentration, thus the mild steel suefayets efficiently separated from the medium [2He protective
property of this compound is probably due to theriaction between electrons and hetero atoms with positively
charged steel surface [28]. The results obtained fthe weight loss measurements are in good agreaewith
those obtained from the electrochemical methods.

Potentiodynamic polarization

The anodic and cathodic polarization curves of mtkkl electrode in 0.5 MJ3Q, in the absence and presence of
various concentrations of AA at 30 °C are showifrion 4. The values of associated electrochemicedrpaters,
such as corrosion potentidd.(,) and corrosion current density) were calculated from the intersection of anodic
and cathodic Tafel slopes of the polarization carviée IE (%) was calculated using the followingatipn:

IE (%) = (eare)z—earr)p % 100 3)

(Icorrla

where, (cor)a @and (con)p are the corrosion current density (mA Bnin the absence and presence of the inhibitor,
respectively. It is clear from Fig. 4 that the mmse of AA decreases both cathodic and anodic slegé the
increased inhibitor concentration. This could bigitaited to the adsorption of inhibitor over therromed metal
surface [29]. Since both anodic dissolution of iesxd hydrogen evolution were suppressed, the Adaveshlike a
mixed inhibitor [30].

Table 2: Ecor, | corr, R @nd |E (%) obtained from polarization and impedane measurements for mild steel in 0.5 M k80, containing
various concentrations of AA at 30 °C

EIS Polarization
¢ R E |
i} 0, -COITy corry 0,
MM oen? | BOO |y | macr? | B0
0 34.3 - -538 3.954 -

0.5 | 105.0| 67.32] -472 1.352 65.8
1.0 | 111.3| 69.17| -47% 1.241 68.6
15| 129.0| 73.40[ -477 1.058 73.2
2.C | 160.z | 78.5¢ | -469 0.88¢ 77.54
2.5 | 190.1 | 81.9t | -466 0.73¢ 81.46
3.0 | 255.3| 86.56] -464 0.493 87.5
4.0 | 321.8| 89.34] -4732 0.448 88.6
5.0 | 381.0] 90.99] -45¢ 0.402 89.8

=

w

[e))

w
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Fig 4: Polarization curves for mild steel in 0.5 MH,SO; at various concentrations of AA at 30 °C, and at acan rate of 0.42 mV's.

The results of polarization measurements are suimethin Table 2. It is evident thai, decreasesignificantly
with increasing concentration of AA, and the maxmilE (%) of 89.83 was reached at 5 mM of AA. Tl8s i
because of increase in the blocked fraction ofntle¢al surface by adsorption. Further, the conctatraf AA has
less effect on th&,, which indicates that AA acts as a mixed type difibitor and the inhibition of AA on mild
steel is caused by geometric blocking effect [Fdtreira and others [32-33] reported that, if tlegidtion in the
Ecorr is greater than 85 mV in inhibited system withpexgt to uninhibited, the inhibitor could be recagd as
cathodic or anodic type where as if the deviatioitd,, is less than 85 mV, then it could be recognizedthaed
type of inhibitor. In the present investigation, ximum deviation range was less than 85 mV, whicplies that
AA acts as a mixed type inhibitor.

Electrochemical impedance spectroscopy

The results of the potentiodynamic polarizationekpents were further confirmed by impedance messants,
since EIS is a powerful tool in studying corrosiobechanism and adsorption isotherm. Generally, tyguit plots
are analyzed in terms of equivalent circuit compgsof parallel capacitor and resistor, which imguthe solution
resistance Ks) and double layer capacitandg8yj. The corrosion behavior of mild steel in 0.5 M39, in the
absence and presence of AA was investigated bydamme technique at 30 °C and results are represéyte
Nyquist plots as shown in Fig. 5.

The IE (%) was calculated using the charge tramsfgstance as follows:

1, _1;.
IE(%) = 2=z el 409 4)
/(Retda

where, R).and R)pare charge transfer resistances in the absengerasence of inhibitor, respectively.

It is evident from the results that AA inhibitedetftorrosion of mild steel in 0.5 M,80, solution at all the
concentrations used, and the IE (%) increased ruomtisly with increasing concentration at 30 °C, anel
maximum IE (%) of 90.99 was reached at 5 mM of A#ddurther increase in concentration did not caausg
noticeable change in IE (%). The results in Tabledicate that thdR; significantly increases an@y tends to
decrease. This decreaseGp may probably due to decrease in local dielectoiestant and/or an increase in the
thickness of a protective layer at electrode serfabich enhances the corrosion resistance of tia steel [34].
The increase iR values is attributed to the formation of proteetfilm on the metal-solution interface [35-36].
These observations suggest that AA molecules fomdiy adsorption at the metal surface thereby ngudécrease
in Cy values and increase Ry values. The decrease @y can also be explained on the basis that the ddapése
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between the charged metal surface and the soligiconsidered as an electrical capacitor. The atisor of the
inhibitor on the electrode surface reduces itsteted capacity because of the displacement ofwtater molecules
and consequently decreases in the number of asite® necessary for the corrosion reaction [37 @acrease in
this electrical capacity with increase in inhibitmmcentration can be attributed to the formatiba protective layer
on the electrode surface. The thickness of thiseptive layer increases with increase in inhibitoncentration,
because more inhibitor molecules get adsorbed erelictrode surface resulting in a noticeable @dserénCy,.
This trend is in accordance with Helmholtz modegia®n in Eq. (5) [38]:

Ca = (ee0A)d (5)

where, d is the thickness of the protective layehe dielectric constant of the mediuggthe vacuum permittivity
and Ais the effective surface area of the electrode.
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Fig 5: Nyquist plots of mild steel in 0.5 M HSQO, in the absence and presence of various concentiati of AA at 30 °C.

Effect of temperature

In order to investigate the effect of temperatunetioe anticorrosion property of inhibitor in 0.5 MSQO,, weight-
loss measurements were studied in the temperaamgerof 30 - 60 °C in the absence and presencéfefedt
concentrations of inhibitor during 6 h of immersiorhe Cy gets increased with the rise in temperature in the
uninhibited solution but in the presence of infokiCr gets highly reduced. Hence, inhibition efficierdgcreases
with the rise in temperature. It may be due to fidxet that higher temperature accelerates hot-mowremithe
organic molecules and weakens the adsorption dgpatinhibitor on the metal surface [39]. Thermaodynic
parameters such as the activation en&gythe entropy of activationS and the enthalpy of activatiatH™ for the
corrosion of mild steel in 0.5 M 430, solution in the absence and presence of diffetententrations AA were
calculated using the following Arrhenius-type edpiat

Cr=Aexp(-2) 6)

An alternative formulation of the Arrhenius equatis,

ET As® AH
Cr = 4 S¥P 5 &Xp RI‘) (7)
where, A is Arrhenius pre-exponential factdr,is Planck’'s constanf\ is Avogadro’s numberT is the absolute
temperature an® is the universal gas constant. Using Eq. (6), fameh a plot of the logarithm o€ versusl/T
(Fig. 6), the values oE, andk at various concentrations of AA were computed frelmpes and intercepts,
respectively. Further, using Eq. (7), plots of (@g/T) versusl/T gave straight lines (Fig. 7) with a slope ofAH"
/2.30R) and an intercept of [logRYNH + AS/2.30FR] from which the values ohAH" andASwere calculated and
are listed in Table 3.
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Table 3: Activation parameters for mild steel in 0.5 M HSO, in the absence and presence of different concentians of AA

C, Ea, AH, | AH=E.-RT| AS,

mM | kJ molt K kJ mot* kJ mol* J mol'K?

0 56.01 9269543774 53.37 53.49 -62.94
0.t 55.4] 260318101 52.7¢ 52.8¢ -73.50
1.C 53.9¢ 127983883 51.3] 51.4¢ -79.4(
1.5 55.20 1852866989 52.55 52.68 -76.3R
2.0 56.47 2655768756 53.83 53.95 -73.41
2.5 55.16 1332070053 52.51] 52.64 -79.017
3.0 56.44 1659861497 53.80 53.92 -77.3R
4.5 57.0] 119331382 54.3 54 .4¢ -80.9¢
5.C 5713 114652332 54.4¢ 54.6] -80.31

The lower or unchanged values Bf in the inhibited systems compared to the blank esggchemisorptions
mechanism [35], whereas higher value€gfindicates a physical adsorption mechanism [40thpresent study
the values oE, in inhibited solution are almost same when comgaoeuninhibited acid solution (Table 3). This
supports chemisorption of AA on mild steel surfatle positive sign of activation enthalpsH') reflects the
endothermic nature of the steel dissolution process that the dissolution of steel is difficult [41arge and
negative values ofAS) imply that the activated complex in the rate deiaing step represents an association
rather than a dissociation step, meaning that aedee in disordering takes place on going fromtasas to the
activated complex [42, 43].

3

- *o eBlank WO5SmMM A1.0mM

\% 1.5mM +2.0mM ®2.5mM

2 =3.0mM 4.0mM 5.0 mM
15
1
0.5

log Cy (mg em? brl)

0.00298  0.00303  0.00308 000313 000318 0.00323 000328  0.00333
1T (K1)

-1

-1.5

Fig 6: Arrhenius plots of mild steel in 0.5 M HSO;, in the absence and presence of different concentians of AA.

Adsorption isotherm

The degree of surface coveragg &s a function of the concentration of the intibiC) was tested graphically by
fitting it to various isotherms to find the begtvihich describes this study. Langmuir adsorptgmtherm was found

to give the best description for AA on mild ste&tcording to this isotherny] is related to th€ and adsorption

equilibrium constanK,gsas,

c

1
- = +c 8
g Kads )(

The plot of C/g versus Cgave a straight line (Fig. 8) with a slope of amumity thereby confirming that the
adsorption of AA on mild steel surface in$0D, obeys the Langmuir adsorption isothergs is related to the
standard Gibb’s free energy of adsorptidd,4sas per the following equation:

__1 —AGads
Kaas = 555 EXP( RT ) ©)
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where,R is the universal gas constant, T is the absolemeperature and 55.5 is the concentration of water i
solution (mol ). This isotherm assumes that the solid surfacéagma fixed number of adsorption sites and each

site holds one adsorbed species.

#Blank HO05mM A10mM
<15mM #2.0mM @®25mM
3.0mM 4.0 mM 5.0 mM

log (Cp/T) (mg cor? r! K1)

-7

0.0030 0.0031 0.0032 0.0033

1T (KD
Fig 7: Alternative Arrhenius plots of mild steel dissolution in 0.5 M HSO; in the absence and presence of different concentians of AA.
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Fig 8: Langmuir adsorption isotherm of AA on mild geel in 0.5 M H,SO, at different temperatures.

The negative values &G,qys suggest that the adsorption of inhibitor molecwe® steel surface is a spontaneous
phenomenon. More negative valuesA@,4s suggest the strong interaction of the inhibitolenales with the metal
surface [44]. Generally, values 86,4 up to -20 kJ/mol are consistent with the electtistinteraction between the
charged molecules and the charged metal (physisojpthile those negative values higher than -4énkl involve
sharing or transfer of electrons from the inhibitwolecules to the metal surface to form a co-onditgpe of bond
(chemisorption) [45]. The value @G.qsis about -35 kJ md| which probably means that both physisorption and
chemisorption are taking place [46]. The positiv@ue of AS,s (Table 4 and Fig. 9) obtained is attributed to
increase in solvent entropy [47, 48]. The valueAbf,ys provides further information about the mechanisin o
corrosion inhibition. The endothermic adsorptionogass is ascribed unambiguously to chemisorption, a
exothermic adsorption process may involve eitheysigorption or chemisorption or a combination othbthe
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processes [49]. In the present study, the negatalaes of AH,4s obtained indicate a combination of both
chemisorption and physisorption processes.

Table 4: Thermodynamic parameters for adsorption of AA on nild steel in 0.5 M H,SO; at different temperatures from Langmuir
adsorption isotherm

Kads AGads AHads ASidS
Temperature, K R L mol? | kI moi* | kI mol* | J mol*K*
303 0.993| 2016.13 -29.26
313 0.992| 2036.66 -30.25 -14.62 64.66
323 0.993| 2257.34 -31.49
33¢ 0.99¢ | 2304.1! | -32.5%
-29
-295 -
-30 -
=
'S 305 -
E
2 31
5
> -31.5 -
<
32 A
-32.5 -
-33 : : :
300 310 320 330 340
T(X)

Fig 9: Plot of AG,4s versus absolute temperature

Synergism considerations

The inhibition performance of AA on mild steel itbOM H,SQ, in the absence and presence of AA and also the
combination of AA with K| was studied by gravimetrnd electrochemical techniques aP@0Inspection of Figs.

10 and 11 shows th&@i decreases in the presence of 0.5 mM AA as comparekde blank. The figures also
showed that a further reduction@ was obtained on the addition of different concatitns of Kl to AA.

The adsorption ability of halide ions on the metaiface is in the order $ Br > CI [50]. The ease of adsorption
shown by iodide ions may be due to less degreeydifation. Table 5 shows that the inhibition efficcy of AA
synergistically increases on addition of differeahcentrations of KI. The improved inhibition eféacy of AA in

the presence of halide ions is due to strong claptien of iodide ions on the metal surface [51], 9he cation is
then adsorbed by coulombic attraction on the metafface where iodide ions already get adsorbed by
chemisorption. Stabilization of adsorbed iodidesiavith cations leads to more surface coverage laereby greater
inhibition. Similar observation was reported by &lairand Harek [53]

Table 5: IE (%) obtained from weight loss, polarization andimpedance measurements of mild steel in 0.5 M,B0O, containing various
concentrations of Kl at 0.5 mM AA

C, IE (%)

mM Weight loss| Polarizatior EIS
0.5 AA 64.94 65.81 67.32
0.5AA +25KI 76.24 78.51 79.85
0.5 AA +5.0KI 83.87 86.89 86.0p
0.5 AA+7.5KI 86.40 89.58 90.2b
0.5 AA + 10.0 Kl 88.12 92.77 93.7p
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Fig 10: Polarization curves for mild steel in 0.5 MH,SO,with different concentrations KI.
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Fig 11: Nyquist plots for mild steel in 0.5 M HSO, with different concentrations KiI.

Quantum chemical calculations

The selection of effective and appropriate inhitsitfor the corrosion of metals has been widelyiedrout based on
empirical approach [52-53]. In order to investigtte charge distribution of AA molecule, quantuneriical
calculations were performed using the Spartan 02 \@lsemi-empirical program.

Frontier orbital theory is useful in predicting thdsorption centers of the inhibitor responsibleth@ interaction
with metal surface [54]. The optimized structureAdf is shown in Fig. 12a. A strong interaction beam AA and
metal surface is due to its planar structure, skeyequantum chemical parameters were computed tisengM1
semi empirical method and these are listed in T&bl@hese are mainly the energies of the highestimed
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(Eqomo) and lowest unoccupiedE(yvo) molecular orbitals, dipole moment)(and total energyH,). These
quantum chemical parameters were obtained aftemgei@ optimization with respect to all nuclear wmiinates.
Enomo IS associated with the electron donating abilifythee molecule and higlt,omo Values indicate that the
molecule has a tendency to donate orbital electror@n appropriate acceptor with empty moleculbital. Good
corrosion inhibitors are usually those organic commls which not only offer electrons to unoccupesital of the
metal, but also accept free electrons from the njg&. Similarly, low values of the energy gapE = E ymo -
Enomo) Yields good inhibition efficiencies, because émergy required to remove an electron from thedastpied
orbital will be low [56]. Low value of the dipole ament f) favors the accumulation of inhibitor moleculestbe
metallic surface [57]. The plots of HOMO and LUMOpulation are shown in Figs. 12b and 12c, respelgtiv

Fig 12: (a) Optimized structure, (b) HOMO and (c) LUMO of AA.
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Fig 13: The Mulliken charge density of the AA moleale.

It could be seen that the frontier orbital HOMO distributed around the thiazin and benzene rinigs dimethyl
groups while the LUMO are mainly on the benzeng,rimhich is attached to the methylamine group aaxtban
atoms which are adjacent to the nitrogen and sulptmm of the thiazin ring. The use of Mullikenpodation
analysis to find out the adsorption centers ofbitbis has been reported [57]. The Mulliken chadigtribution of
AA is presented in Fig. 13. It could be observedt thitrogen atoms and the benzene ring have higharge
densities and might form the adsorption centers.cAA interact with mild steel to form a good prtitexlayer on
the steel surface, thus slow down the corrosigh®inetal in HSO, solution.

Table 6: Quantum chemical parameters for AA

Calculated paramete | u (D) | Exowmo (V) | Eiumo (eV) | Eiumo —tomo (V) | Ei (kKI/mol)
Values 7.18| -8.01 -1.36 6.65 371.45

CONCLUSION

* AAis an efficient corrosion inhibitor for mild stein 0.5 M HSO, medium.
e Adsorption of AA obeys the Langmuir adsorption rsaim.
* AA behaves as mixed type inhibitor.

* EIS results show that, as the inhibitor concerdratncreases the charge transfer resistance atseaises and
the double layer capacity decreases.

* The inhibition efficiency of AA is significantly éranced in the presence of KI.

* Quantum chemical parameters also proved that A8 astan efficient inhibitor for the corrosion ofldnsteel
in 0.5 M HSO,.
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