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ABSTRACT

The inhibitive influence of salicylideneaniline on the corrosion of mild steel in 1.0 N hydrochloric acid was studied
by weight loss method and polarization measurements. The values of percentage inhibition efficiency, determined by
these methods, showed close agreements. The corrosion decreased with increasing addition of salicylideneaniline
probably due to the progressive adsorption of the inhibitor on the metal surface. The maximum inhibition efficiency
was found to be 39.71%. The inhibition process was tested for Langmuir adsorption isotherm, kinetic
thermodynamic modal of El-Awady et al. Temkin and Flory-Huggins isotherms. The best fit isotherm was the
isotherm of El-Awady et al, The phenomenon of physisorption was proposed for the process of inhibition. The open
circuit potential of mild steel in 1.0 N HCI, in the presence of the inhibitor of varying concentrations, did not show
any significant shift in its values. The polarization studies revealed that the corrosion of mild steel in 1.0 N HCI was
predominantly under anodic control, in the presence as well as in the absence of the inhibitor. The nature of
inhibition was found to be of mixed type.
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INTRODUCTION

Mild steel is prone to severe corrosion in aggreseinvironments such as acidic medium. The inflaesfcseveral
aromatic organic compounds containing nitrogen,tlus corrosion resistance of steel in acid mediaehaeen
reported[1-8]. Among the wide range of acid solioHCI is used in various industries for pickliofjferrous
alloys and steel. Besides, it is also used to déitaland to increase the rate of oil flow in pedtwh oil wells and to
descale tubing and casing materials used in thiépeanluction wells. So, the study of corrosionibition of mild
steel in HCI has greater importance. The presemtstigation is aimed to study the inhibitive infloe of
salicylideneaniline on corrosion of mild steel1n0 N hydrochloric acid.

EXPERIMENTAL SECTION

The chemical composition of the mild steel coupossd for the study was: (wt %) Mn (0.6), P(0.30)0.C5) and
Si(0.04) besides iron, analyzed by standard me8a@]. Mild steel coupons, measuring 3 cm x 1 c.X cm
were used in weight loss measurements. The spesimene polished with different grades of emery pspe
degreased with acetone and finally rinsed with deubstilled water. These were dried and storedraocuum
desiccators containing silica gel. The solutionsengrepared using chemicals of Analar grade andbldadistilled
water.

Weight loss study

The inhibitor, salicyledeneaniline ,was preparecbading to the procedure reported [11]. The mikkkspecimens
were suspended with the help of glass hooks indreatontaining 100 ml of 1N hydrochloric acid, waithh and with
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the inhibitor for about 3 hours. The specimens wermroved after the exposure period, washed witremand
rubbed with bristle brush to remove any corrosiosdpct and finally washed with acetone and digtilleater. They
were dried in an oven and re-weighted to deternfinaveight loss.

The experiments were carried out in triplicate tswre reproducibility and the mean values of weighs were
computed. The percentage inhibition (P.l) efficiem@s calculated using the following equation:
=——x100 1)

Wo
where w and w are the weight losses in uninhibited and inhibitedfoding solutions, respectively.

P.l.

OCP Measurement

The mild steel specimens were immersed in thestdstions without and with the inhibitor and thetqrttials were
measured, under open-circuit condition, as a fonctf time against a saturated calomel electrodiegus high
impedance millimeters. The measurements were matileawsteady state value was attained.

Galvanostatic polarization measurement

The flag shaped metal specimens, with sufficieldhg tail, were cut from the mild steel sheet, lagva working

area of 1crhon one side of the specimen and a small porticheatip of the tail for providing electrical conta

The rest of the surface was coated with enamelularcdrhe electrochemical investigations were cdrdat in a

three compartment cell  with the mild steel elede as the working electrode a platinum electagléhe counter
electrode and a saturated calomel electrode aefiience electrode.

After measuring OCP value, the mild steel electrade polarized cathodically by passing known vahfesurrent,
in the increasing steps of 10 mA rlifrom a current regulator and the steady potent@$ measured at each
current density.

After cathodic polarization was over, the workinigatrode was brought back to the OCP and then igethr
anodically as explained above.

The corrosion current density,,}, and corrosion potential,.& were evaluated by the extrapolation of the cathodi
and anodic Tafel plots. The measurements were tegeatil reproducible data were obtained.

The inhibition efficiency, P.l was calculated frdgy, values.

_Iun_ I

P.I. in 4100

IUﬂ

where |, and |, are the corrosion current densities measured enatteence and in the presence of inhibitor,
respectively.

RESULTS AND DISCUSSION
The values of corrosion rate and percentage inbibiefficiency were obtained by weight loss measwaet at
different concentrations of salicylideneaniline. eThinhibition efficiency increases with the increwgi

concentrations. The maximum inhibition was found&o38.70%.

Table: 1 Effect of salicydeneaniline on the ratefaorrosion of mild steel in 1.0 N HCl at 30 +%C. (weight loss studies)

[I)rzhig’;t’?\;l] Rate of corrosion x 18 gcm? h? | Percentage Inhibition
Blank 5.7407 -
1 5.2778 8.06
2 5.0926 11.28
3 4.7222 17.74
4 4.444 22.58
5 4.2600 25.79
6 4.0740 29.03
7 3.889 32.27
8 3.7038 35.48
9 3.6111 37.09
10 3.519 38.70
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The OCP shifted towards positive direction in thesgnce of inhibitor and it indicates that the litioir acts as an
anodic inhibitor. But the shift in OCP is small whisuggests that complete polarization curve shbaldonsidered
to confirm whether the inhibition is cathodic (anodic (or) of mixed type.

Table2 Anodic and cathodic polarization of mild stel in 1.0 N HCI without and with salicylideneanilire

[Inhibitor] x 10% M | OCP,V | Ecor, V mkg;ﬁz Percentage Inhibition
Blank -0.562 -0.55 34.67 -
1 -0.540 -0.52 31.63 8.76
2 -0.548 -0.49 30.21 12.86
3 -0.535 -0.50 28.82 16.81
4 -0.515 -0.55 27.53 20.55
5 -0.520 -0.52 26.29 24.13
6 -0.504 -0.53 25.10 27.55
7 -0.509 -0.46 23.97 30.82
8 -0.520 -0.53 22.89 33.93
9 -0.522 -0.50 21.87 36.88
10 -0.519 -0.43 20.89 39.71

The anodic and cathodic polarizations curves ofireteel in 1IN HCI were recorded in the absenceiarttie
presence of inhibitor under galvanostatic conditiinwas observed that anodic polarization was tgrethan
cathodic polarization in all solutions.

The cathodic and anodic polarization curves arftezhtowards lower current density values in thespnce of the
inhibitor. Thus the nature of inhibition is of mkéype.

This observation indicates that the inhibitor s@gges both anodic as well as cathodic reactioftstiagt increasing
addition of the inhibitor. But only a small shift E .., is observed.
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Fig:1 Anodic and cathodic polarization of mild steéin 1.0 N Hydrochloric acid with and without salicylieneaniline

According to Damaskin[11], the increase in slopethie presence of inhibitor may be attributed hange in the
mechanism of the corrosion process when the imthilistadsorbed on the metal surface. However, ldpegid not
increase, significantly.

The inhibition efficiencies, calculated from weigbss measurements and polarisation measurememis chse
agreement.
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Table: 3 Comparison of inhibition efficiency measued by weight loss and polarization method

[Inhibitor] Inhibition Efficiency
x10°, M Weight loss method | Polarization method

1 8.06 8.76
2 11.28 12.86
3 17.74 16.81
4 22.58 20.55
5 25.79 24.13
6 29.03 27.55
7 32.27 30.82
8 35.48 33.93
9 37.09 36.88
10 38.70 39.71

No passivation is observed at any concentraticth@inhibitor. The addition of these inhibitorttee acid solution
did not cause any significant change in the vabfels ., The parallel anodic and cathodic polarization esrv
show that decrease in corrosion current is obseduedto the simple blocking effect of inhibitorsadbed on the
metal surface, which in turn decreased the dissoluteaction rate[12,13,14]. Thus salicylideneailiinhibit
corrosion of mild steel in acid solution by blocgithe active sites on steel surface.

The surface coverag8'‘is determined from polarization data, accordinghe equation
lun— ;
Nt un
0 L | @)
lun

where |, and |, are the corrosion current densities measured enatteence and in the presence of inhibitor,
respectively. It is seen tha''increases with the increase of the concentratibimhibitor. Thef values were fitted
to Langmuir adsorption isotherm. The Langmuir aggon isotherm is given by,

cC_1

—=—+C - (3)

0 Kads
where Ksis adsorption constant and C is the concentratfdhe inhibitor. A plot of6 vs. Cis linear (Fig.2) with
regression coefficient, R equal to 0.94 showing tha Langmuir isotherm is obeyed. The slope oflthrgmuir
plot is greater than one (slope =1.26). Hence tlisomtion behaviour of salicylideneaniline can beren
appropriately represented by a modified Langmuaitherm suggested by Villamil et al [15] as follows

C n

—=—+nC - @)

0 ads
The experimental values 6fwere, therefore, fitted into the El-Awady's kiméthermodynamic model given below.

0
log——: =logK+ylogC -~
gl—e g +ylog ©)

where the adsorption equilibrium constantg6K*¥. The values of 1/y < 1, implies multilayer adsapt while
1/y > 1 suggests that the inhibitor occupies ntba@ one active sites.

In the present study the value of 1/y=1.1 (TablesBpgesting that one inhibitor occupies one additee This is
further confirmed by fitting th@ values to Flory-Huggins isotherm.

Iog% =logK 4t+xlog 1-6)  ------- (6)

where x is the number of active sites occupied bynaibitor molecule [13].The value of x=1.39 fuethconfirms
the above result that the inhibitor occupies onwesite.
The Temkin isotherm is expressed as

0= 2.303|ogKadS+ 2.3030gC
28 2a

"""" ()
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Fig. 2 EI-Awady et al., plot for the inhibition carosion of mild steel by salicylideneaniline in 1.0N HCI.

The plots of6 against log C is linear (Fig.2) and the lateraéraction parameter a, is negative indicating tha
repulsion exists in the adsorption layer[14]. Tgs value is low, and it shows weak interaction beméhe
inhibitor and metal surface. The standard freerg@nef adsorption, AG®,s, is given by the following equation
[15].

AG®,4s= -2.303 RT (log Kg4sx 55.55) (9)

where 55.55 is the molar concentration of watee AB°,4swas found to be -18.62 kJ rifolThe negative value of
AG°,4s shows that the adsorption of the inhibitor on tietal surface is spontaneous. The value is less-&akJ
mol*Generally, values 0AG°,qs up to -20 kJ mét are consistent with electrostatic interactionsveen charged
inhibitor molecules and the metal (physisorptioiler those around -40 kJ mol-1 or higher are assediwith
chemisorption as a result of transfer of electrivom the inhibitor to the metal surface to form@ardinate type
bond.

This observation supports the view that the intahiis mainly by the physisorption of the salicgiteaniline on the
metal surface.

Table4 Values of Langmuir, Temkin, EI-Awady et al ad Flory-Huggins isotherm parameters.

Adsorption Isotherm | Correlation Coefficient,R | AG°,s | 1/y or x | Lateral interaction parameter, a
kJmol™
Langmuir 0.93696 -21.064 ---
El-Awady et al 0.9890 -20.522 1.0988
Flory-Huggins 0.844255 -21.118 1.3931
Temkin 0.96211 -28.23 -3.4753
CONCLUSION

The corrosion of mild steel in 1IN HCI was founddecrease with the increasing concentration of tibitor
salicylideneaniline. The inhibition efficiency valsi obtained from mass loss studies and polarizatieasurements
showed fairly good agreement. The type of corrosi@s shown to be physisorption. The corrosion itibi
appears to be of mixed type .
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