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ABSTRACT

The inhibition effect of heterocyclic organic deative viz., 2-(Benzothiazol-2-ylsulfanyl)-1-(5-
methyl-thiazol-2-ylamino)-ethanol (BMTE) was evafebagainst mild steel corrosion in 1 N HCI
solutions using conventional weight loss methodtem@mdynamic polarization, linear
polarization and electrochemical impedance specipg. The results of weight loss method have
proved that BMTE was efficient corrosion inhibit&lectrochemical polarizations such as Tafel
Intercept and Linear Polarization Resistance reedathe mixed mode of inhibition. The results
of electrochemical impedance spectroscopy have slogvchanges in the impedance parameters
like charge transfer resistance and double laygrazatance to confirm the strong adsorption on
the mild steel surface. The increase in the vafuatobition efficiency was due to the adsorption
of the molecules evaluated leading to the formatiba protective layer on the surface of mild
steel. The inhibition action of these compounds, wasumed to occur via adsorption on the steel
surface through the active centres contained imtioéecules.

Keywords: Acid corrosion inhibitor of mild steel, electraahical impedance spectroscopy,
Tafel and Polarization methods.

INTRODUCTION

The use of corrosion inhibitor is one of the md&ative measures for protecting metal surfaces
against corrosion in acid environments. The coomsof iron and mild steel (MS) is a
fundamental academic and industrial concern thairéeeived a considerable amount of attention
[1]. A study of the mechanism of the action of osfon inhibitors has relevance both from the
point of view of the search for new inhibitors aado for their effective use [2]. Acid solutions
are very commonly used for removal of undesiredescand rust in many industries. To control
corrosion of metals, organic inhibitors are usegcei many years. In recent times, organic
inhibitors are generally used to protect the migtah corrosion by forming a barrier film on the
metal surface. Their effectiveness is related te thmemical composition, their molecular
structure, and their affinities to get adsorbedtlo@ metal surface. The addition of corrosion
inhibitors effectively secures the metal against amid attack. Inhibitors are used in these
processes to control metal dissolution [3&6{l, during past decade many organic inhibitorghav
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been studied in different media [6-9]. The mechana$ their action can be different, depending
on the metal, the medium and the structure of ttebitor. One possible mechanism is the
adsorption of the inhibitor, which blocks the metalface and thus do not permit the corrosion
process to take place. Organic compounds contaigi@cironegative functional groups amd
electrons in conjugated double or triple bonds gaheexhibit good inhibitive properties by
supplying electrons via orbitals. Specific interaction between functiogabups and the metal
surface and heteroatoms like N, O and S [10-123}spén important role in inhibition due to the
free electron pairs they possess. When both tresgeres combine, increased inhibition can be
observed [13-17].

MATERIALS AND METHODS

Preparation of inhibitor

This compound was synthesized by stirring the mextaf 2-chloro-1-(5-methyl-thaizole-2-yl-
amino)-ethanol (0.005 mol) and 2-marceptobenzothaiz0.005 mol) in ethanol with catalytic
amount of triethylamine and heated to reflux for Grs. After conclusion of the reaction (TLC),
the reaction mixture was poured onto crushed flee;sblid mass thus separated out was filtered,
washed with water and dried to give the desiredpmmd (BMTE) [24-25].
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Figure 5: 2-(Benzothiazol-2-ylsulfanyl)-1-(5-methyithiazol-2-ylamino)-ethanol (BMTE)

Specimen preparation

MS specimens having compositions of 0.09 % P, @633%i, 0.01 % Al, 0.05 % Mn, 0.19 % C,
0.06 % S and the remainder Fe, were used for #wrethemical polarizations and impedance
measurementsihe samples of 1 cm x 1 cm area were polished efterent emery papers of
grades 120, 320, 400, 800, 1,000 and 2,000 degteddeacetone dried at room temperature and
then stored in desiccators before use. The acittisnt were made from analytical grade 37%
HCI by diluting with double-distilled water.

Weight loss method

The weight loss (WL) measurements were carriecbguteighing the prepared specimens before
and after immersion for 4 h in 100 ml stagnant sedtitions in the presence and absence of
various concentrations of the BMTE in 1 N HCI. Froine weight loss data, percent inhibition
efficiency (E %) was calculated at different concentration &C30

Potentiodynamic polarization measurements

All of the electrochemical studies were carried asing three electrodes cell with a platinum
counter electrode (CE) and a saturated calometerete electrode (SCE) and MS sample as
working electrode (WE). The electrolytes used waaielic solutions maintained at®Q The AC
impedance measurements are shown as Nyquist phatspalarization data as Tafel plots.
Recently imported CH Electrochemical analyzer md@f C (USA) was used for this purpose.
Polarization resistance measurements were firsiedaout with a scan rate of 0.01 V/s at -10mV
to +10mV vs. corrosion potentiaEf,) of the working electrode. Polarization curves aevalso
obtained at the scan rate of 0.01 V¥ & the range of 250 mV to +250 mV vsEcor. The MS
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electrodes were immersed for 2 h in the test smiubr the impedance measurements which were
carried out at th&q.

Electrochemical impedance spectroscopy (EIS)

EIS is now a sophisticated and established laboratechnique, with the relevant software to
determine important parameters like the chargestean(corrosion) resistancdr] rate and
double-layer capacitanc€{) [26-29]. The AC impedance measurements wereethout in the
range of 0.1 Hz to 1000 Hz. The A.C. signal was 6 peak-to-peak with 12 data points per
decade. The same cell and system as in the pdlanzaethod were used. The double layer
capacitance (&) and the charge transfer resistancg re calculated from Nyquist plots.

Scanning electron microscopy (SEM)

The surface morphology of the MS specimens immenrsddN HCI in presence and absence of
the BMTE was studied by using scanning electronresmopy. The immersion time of the
electrodes for the SEM analysis was 4 h.

RESULTS AND DISCUSSION

Weight loss measurements

Corrosion of MS in 1 N HCI in the absence and preseof various concentrations (20-100 ppm)
of BMTE was studied by weight loss experiments. €Tbhaosion rateW,.r) and the values of
related inhibition efficiencyH,, %) were calculated according to following equation.

E, %= 10&% (Eq 1)

0
whereW,or andW, are the corrosion rates of MS with and withouibitbr respectively.

The values oE,, %, Wp andW,,r were obtained from weight loss measurements wetatidition
of various concentrations of BMTE after 4 h of imsien in 1 N HCI solutions.

Table 1 Inhibition Efficiency of MS in 1 N HCI in the presence and absence of different concentration§ BMTE

Inhibitor [IC #(mg kg?) | W (ug cm” h?) | Ew %
1 N HCI 17.789 -

20 10.981 38

40 7.425 58

BMTE 60 4.913 72
80 2.995 83

100 1.413 92

a) IC is the inhibitor concentration

From the Table 1, it was found that the valueEQf% was increased with an increase in the

concentration of the additives, suggesting thatmiln@ber of molecules adsorbed were increased
over the MS surface, blocking the active sitesad attack and thereby protecting the metal from

corrosion. At highest concentration of 100 ppmha &dditive studied, thie,% attained was 92

% for BMTE which confirmed that the additives wasy effective as inhibitor.

Potentiodynamic (Tafel) polarization measurements
To evaluate the effect of BMTE on the electrocheioehavior of MS, cathodic as well as
anodic polarization studies were carried out asvshim Tafel plots in Figure 1. The corrosion
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kinetic parameters such as corrosion potenkal.j, corrosion current density.§), anodic and
cathodic Tafel sloped{ andb;) were derived from these curves and are givenablel 2. The
values of inhibition efficiencyH, %) were calculated using the following equation.
=1
E, % = 100x —<2r__cortmn). (Eq 2)

corr

where lcor and lcongnny Were the values of corrosion current densities authand with the
additives, respectively, which were determined ktyagolation of the cathodic and anodic Tafel
lines to the corrosion potentiBly. It was found in Table 2 that the valuedp% was increased
with increase in the concentration of the additikethe highest concentration of 100 ppm, the
values ofE, % was 97.62 % BMTE respectively, which confirmed gteng adsorption on the
MS surface to control corrosion rates [18].

The inhibiting property of the tested BMTE has alseen evaluated by determining the
polarisation resistand, (Qcn). The corresponding polarisation resistarigg Yalues for MS in

1 N HCI in the absence and presence of differententrations of the additive is also given in
Table 2. The values of inhibition efficiendg,%) were calculated as follows:

E.,%= 100« 2t (Eq 3)

p(inh)

where R, and Ryinn) Were the polarisation resistance in the absendeiraithe presence of the
additives, respectively.
_20 1 1 1 1 1 1 1

25

3.0
_ 35 ]
= 40

- 45

el

111

O 507
B "
2551 .

£.10 4
£5

L e e e T A
032 036 040 D44 D48 0B2 D5 060 084

Potential / V
Figure 1: Tafel plots showing the effect of BMTE orthe corrosion of MS in a HCI medium * 1 N HCI,
* 100 mg kg-1, 2 80 mg kg-1, * 60 mg kg-1, “ 40 mg kg-1 and, * 20 mg kg-1).

Corrosion currents obtained with the additive wasdr than corrosion current obtained for MS
in 1 N HCI solution without inhibitors. Table 2 hasown that théE % was increased with an
increased the concentration 8MTE. BMTE has acted as an effective corrosion inhibitor
suppressing both in anodic and cathodic reactiares td their adsorption on the MS surface
blocking the active sites. Moreover, there was aod& shift inEcor values to show that the
compounds might have retarded anodic reactionefithid corrosion of MS more in comparison
of the cathodic one.
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Table 2 Electrochemical parameters obtained from aodic and cathodic polarization cures of MS in 1 N K&l
and different concentrations of BMTE at 30C

- - K’/ (mV par decade
Inhibitor | IC* (mgkg") (ECVO’)’ t()a P oo leor (MACM?) | R, (Qcn?) | E % | Ep %
1 N HCI 508 145 135 4.080 7 - -
20 485 103 106 0.185 153 9546 95.42
BMTE 40 483 176 123 0.158 199 96.12 96.48
60 467 164 171 0.113 322 97.23 97.82
80 458 175 163 0.107 342 97.87 97.B5
100 453 192 180 0.097 415 97.62 98.13
a) IC is the inhibitor concentration
b) Kis the Tafel constant
Electrochemical impedance spectroscopy (EIS)
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Figure 2: Nyquist plots showing: (a) the effect oBMTE on the corrosion of MS in 1 N HCI solution * 100 mg
kg-1, ¥ 80 mg kg-1, *+ 60 mg kg-1, = 40 mg kg-1 and * 20 mg kg-1) which (b) 1 N HCI blank system.

The R, values of MS in 1 N HCI in the absence and preseidifferent concentrations of the
tested additive is also given in Table 2. From mdsults, it was found that tH&, values were
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gradually increased with increase in the concaotrabf the additive. The values of inhibition
efficiency Erp %) of BMTE obtained by electrochemical methods were in gagr@eament with
those off, (%).

Nyquist plots of electrochemical impedance spectipyg for MS in 1 N HCI containing different
concentration of BMTE is presented in Figure 2.

The values of inhibition efficiencyeg %) were calculated by following the equation.

£ 9% =100t ~ R (Eq 4)

(inh)

whereR: andRyinn) were the charge-transfer resistan@ec(’) values in absence and the presence
of the additives, respectively.

To obtain the values of double layer capacitar@g),(the values of frequency at which the
maximum imaginary component of the impedancémnmax) Wwere found and were used in the
following equation with correspondirig values:

1
C,=—— Eq 5
! 27 1:ma><R ( q )

Nyquist plots in Figure 2(a) contained depressexdi-®&cles with the centre under the real axis,
whose size were increased with the increase inecdration of the additive, confirming that the
charge transfer processes were mainly controllwgcorrosion of MS. An isolated Nyquist plot
for MS the blank system is shown in Figure 2(b) d&he value of real impedance (Z’) was
minimum only 12Q cn? which indicated that there was least charge teanskistanceR;) of the
acid corrosion reactions. There was a gradual aserén the diameter of each of the semicircles
of the Nyquist plots when the concentrations warsed from 20 to 100 ppm in Figure 2(a). This
gradual increase of the diameters corroboratedtteR; values were increased up to highest
concentration of 100 ppm due to formation and gahduprovement of the barrier layer of the
inhibitive molecules added, and as a result thel adrrosion rates of MS were gradually
decreased.

Table 3 Data from electrochemical impedance measuments of mild steel in 1 N HCI for various
concentrations of BMTE

Inhibitor [IC @ (mg kg") | R, (€ cn?) | Cdl (uF cnt) | E(%)
1 N HCI 12 168 -
20 175 137 93.14
40 255 114 95.29
BMTE 60 425 80 97.17
80 500 39 97.60
100 560 35 97.85

Table 3presents the values & andCy. There was a gradual decrease in valu€gpfwvith an
increase in the concentration of both BMTE. Theldeulayer between the charged metal surface
and the solution is considered as an electriceh@tqr. The adsorption of the BMTE on the MS
electrode lead to decrease its electrical capdmiyause they might have displaced the water
molecules and other ions originally adsorbed onNt& surface. The decrease of this capacity
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with increasing concentrations of BMTE was assedatith the formation of a protective layer
on the MS electrode surface [19]. Inhibition e#iccyE, (%) was found to increase an increase in
concentration with BMTE. The results obtained fr&éh$ have shown the similar trend as those
obtained from electrochemical polarisations andyivelioss measurements.

The results have suggested that the corrosionafatdS was significantly decreased due to

adsorption mechanism affecting both the anodiccatkdodic processes. The nature of interaction
between MS surface and inhibitor can be establighedsotherm which describe adsorption

behaviour of the inhibitor on metal surface.

Adsorption isotherm

The results have suggested that the corrosionafatdS was significantly decreased due to

adsorption mechanism affecting both the anodiccatkodic processes. The nature of interaction
between MS surface and inhibitor can be establighedsotherm which describe adsorption

behaviour of the inhibitor on metal surface.

The surface coveradé) of different concentrations of BMTE in 1 N HCI sban was calculated
from the corrosion rates obtained by weight losasneements, using following the equation.

g=No=W (Eq 6)
W,

where Wp and W were the corrosion rates in the absence and preseh the inhibitors,
respectively.

The adsorption behaviour was described by using @ingmuir adsorption isotherm expressed as:
e
Kads = (l_ H) (Eq 7)
Cing

where Kqgs IS the equilibrium constant of the inhibitor addap process, C is the inhibitor
concentration.

0.4

035 R?=0.9994

C/Omol L-!

D T T T T T T
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Figure 3: Langmuir isotherm adsorption of BMTE on mild steel in 1 M HCI at room temperature
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Plots of CB versus C yield a straight line shown in FigurdrBthis case the linear regression
coefficients (R) were almost equal to 1 and the slopes were vesedo 1, indicating that the
adsorption of BMTE obeys the Langmuir isotherm.

Kags Values can be calculated from the intercepts efdinaight lines on the @faxis, and the
constant of adsorptiorKags is related to the standard free energy of adsorgi@),, with
following equation.

AG,,. = -2.303RT log(55.%,,, (Ep 8

where Kags is the equilibrium constant of adsorptidR,is the gas constant and absolute
temperature, the value 55.5 is the molar concéoiraf water solution in mol .

The addition of inhibitors causes negative valub&GS,., indicated that adsorption of studied
BMTE was a spontaneous process. It is generallggmed that the values &G.,_up to -20 kJ

ads
mol?, the types of adsorption were regardedphgsisorption the inhibition acts due to the
electrostatic interactions between the charged cotdse and the charged metal, while the values
around -40 kJ mdi, were seen ashemisorptiorf20-21], which is due to the charge sharing or a
transfer from the inhibitor molecules to the metaiface to form a covalent bond. The values of

AG?,.in our measurement was found to be -31.10 KJ'mibimay suggested that the adsorption

ads

of BMTE involves two types of interaction, chemigtion and physisorption. [22-23].
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Figure 4: SEM images of MS (a) in 1 N HCI solutiorand (b) with 100 ppm of BMTE

The SEM photograph in Figure 4(a) has shown trasthiface of MS was extremely damaged in
the absence of the inhibitor while Figure 4(b) halearly shown the formation of a film by the
adsorption of BMTE on the MS surface which was oesjible for the corrosion inhibition.

CONCLUSION

» The protection efficiency of BMTE inhibitor incress with the increase of the inhibitor
concentration.

* Polarization curves showed that BMTE is mixed tgpeorrosion inhibitor.

* The results of the weight loss, electrochemicalppétions and EIS were all in very good
agreement to support the above conclusions.
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