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ABSTRACT

The corrosion inhibition of 3-amino-1,2,3-triazol&TA) on the mild steel in phosphoric acid
solution was studied using the weight-loss methadl otentiodynamic polarisation and EIS
measurements. The addition of ATA decrease theosiorr rate (CR) and consequently the
inhibition efficiency increases with concentratidxamination of polarization curves indicates
that ATA acts as a mixed-type inhibitor. ATA retaadso the cathodic reaction with changing
the mechanism of the hydrogen evolution reactidg an10” mol-L*. The adsorption of ATA
on the steel surface obeys Temkin isotherm adsorptiodel. The free enthalpy energy has been
evaluated.
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INTRODUCTION

Mild steel is widely employed in industry becau$et®low cost and availability. Acid solutions
are generally used for the removal of undesirabddesand rust in several industrial processes.
Inhibitors are generally used to control metal aliggon. The inhibition of corrosion in acid
solutions can be secured by the addition of a taré organic compounds and has been
investigated by several workers [1-21]. Most of thell-known acid inhibitors are organic
compounds containing O, S and/or N atoms [22-2@\wéler, the use of organic inhibitors in
acid solutions can, in some cases, lead to enhamtenf the metal corrosion [27], and
stimulation of corrosion is related not only to tigpe and structure of the organic molecule but
also depends on the type of acid and its concemirdfil]. For example, the isomers of
aminophenol inhibit the corrosion of mild steellikl HCI and accelerate it in 0.5M,B0, [28],

and the results obtained for 1,3,4-oxadiazoles BAdl,5-tetrazin reveal that these compounds
are very good inhibitors and behave better in 1Ml iH@n 0.5M HSO, [29-30]. There are
various organic inhibitors which tend to decreds®e ¢orrosion rate of steel and iron in acidic
solutions. These substances in general, are eféettirough adsorption on the metal surface. 3-
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amino-1,2,3-triazole (ATA) find more and more apption toward corrosion protection of
various metals in aggressive media [31-35].

Although phosphoric acid @PQO,) is classified as a medium-strong acid, it causegere
damage on ferrous or ferrous alloy [36-38]. Theeotiye of this work is to investigate the effect
of 3-amino-1,2,3-triazole (ATA) on the corrosionrofld steel in 0.33M BPQO,. The activation
and adsorption parameters were determined. Wemagd, Ipotentiodynamic polarization and
electrochemical impedance spectroscopy methods seaducted.

MATERIALS AND METHODS

The mild steel used had the following chemical cosion (0.09% P, 0.38% Si, 0.01% Al,
0.05% Mn, 0.21% C, 0.05% S and balance Fe). Staebles are polished with different emery
papers up to 1200 grade, washed thoroughly wittlidtiled water degreased and dried with
acetone. The aggressive solution (0.33 mdIHsPQy) is prepared by dilution of analytical grade
85% HPO, with double-distilled water.

The weight losses of samples were evaluated affgoseire to 0.33 molt HsPO, containing
various inhibitors. The solution volume is 100%rmhe steel specimen used has a rectangular
from (1.5cmx1.5cmx0.05cm). The immersion time isi2at 298 K. In the case of the weight
loss method, the relation determines the inhibigéitiency E, %:

E,%= (1—W+;)"}1oo 1)

corr
Weorr and W, are the corrosion rate of steel with and withdetinhibitor, respectively.

The potentiodynamic polarization studies were edrout with steel strips having an exposed
area of 1 crh A saturated calomel electrode SCE and a platialettrode are used as reference
and auxiliary electrode, respectively. The curneritage characteristics are recorded with a
potentiostat/ galvanostat EG&G type Princeton AggplResearch Model 263A. Before recording
the cathodic polarization curves, the steel eleetris polarised at — 800 mV for 10 min. The
potentiodynamic current potential curves were réedrby automatically changing the electrode
potential from =800 mV to anodic potentials at arsting rate of 1 mV.$. The test solution is
de-aerated with pure nitrogen. For electrochemimcahsurements, the inhibition efficiency is
calculated by using corrosion current density devics:

n% = [1—%].100 )

corr

icor @and icorr are the corrosion current density value with arthaut inhibitor, respectively,
determined by extrapolation of cathodic Tafel lit@$he corrosion potential.

The electrochemical impedance spectroscopy (EISasorements was carried out with a
Tacussel electrochemical system which includedydadlipotentiostat model Voltalab PGW 100
computer at g after immersion in aerated solution, the circularface of steel exposing of
lcnf to the solution were used as WE. After determamatif steady-state current at a given
potential, sine wave voltage (10 mV) peak to peakrequencies between 100 kHz and 10 mHz
were superimposed on the rest potential. Computegrams automatically controlled the

354
www.scholarsresearchlibrary.com



B. Hammouti et al Der Pharma Chemica, 2011, 3 (4):353-360

measurements performed at rest potentials afterrB6hexposure. The impedance diagrams are
given in the Nyquist representation.

RESULTS AND DISCUSSION

The effect of addition of ATA at different conceation on the corrosion of mild steel in 0.33
mol-L™* HsPO, was studied by weight loss at 298 K after 24mahiersion period. Fig. 1 shows

the plots for both the variation of corrosion r&B&R) of mild steel in the presence of different
concentrations of ATA in acid solution and corresgiog efficiency E%. The figure shows that
CR decreases with more ATA concentration increaSessequently, the efficiency progresses
with ATA presence but does not exceed 75% eve@ atrol-L™.
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Figure 1: Evolution of corrosion rate of mild steeland inhibition efficiencies of ATA against the concetrations of ATA.
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Fig. 2. Polarisation curves of mild steel in 0.33 ai-L™* H3PO, at different concentrations of ATA

The effect of ATA concentration (IDto 102 mol-L'™") on the potentiodynamic anodic and
cathodic polarization curves of steel has beenietuih 0.33 mol-L* deaerated stirred RO,
solution. Obtained curves are collected in Figléble 1 gives values of corrosion curregé{l
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corrosion potential (&), cathodic Tafel slope {pfor ATA. We remark that the hydrogen
evolution reaction is activation controlled sinbe tathodic portions rise to Tafel lines.

Table 1. Electrochemical parameters of mild steehi0.33 mol-L* H3PO, in the presence of different
concentrations of ATA at 298 K

ATA (mol-L™)  E,/mV(vs SCE)  ln(MA.CM®)  b.(mV.dec) 5 (%)
0 -511 234 145 -

10° -510 152 147 35

10* -516 140 139 40

10° 511 100 144 57

102 -456 79 179 66

The presence of ATA did not affect the cathodiceTaflope b until the concentration 10
mol-L. Only at this later concentration, we may introglticat the mechanism of the cathodic
process is modified. Kertit et al. [39] mentiondudtt the addition of triazoles did not change
hydrogen reduction mechanism of mild steel in phosig acid. ATA presence was almost
constant at concentrations below?iol-L™*. At this concentration, & shifted in the positive
direction indicating that at higher ATA concentoatia possible formation of iron II- ATA
complex.

Sahin et al. pointed out in their work [40] thakateve inhibition efficiencies of the compounds
can be rationalised qualitatively under the assionptthat: (i) the inhibition is essentially based
on the coverage of the metal surface by the intihiolecules, thus making the contact of
corroding species difficult; (ii) attachment of thelecules on the metal surface is facilitated
through the coordination atelectron system to the metal atom; (iii) the digbof the complex

is somewhat related to the molecule’s being planar.

The maximum inhibiting effect observed at“fol-L™* may be interpreted by both retardation
of the cathodic reaction and anodic dissolutionesehresults indicate ATA insR0O, solution
acts as a mixed-type.

Electrochemical impedance spectroscopy

More information about the metal/acidic solutioraccteristics is possible by electrochemical
impedance spectroscopy (EIS). EIS diagrams of stéel were plotted in acidic solution in the
presence of ATA at 298 K after 12h of immersiorcatrosion potential. Fig. 3 shows Nyquist
plots obtained in uninhibited and inhibited acidautions at different concentrations of ATA.
The parameters deduced are grouped in Table 2.g€l@nsfer resistance values)(Rnd
Double layer capacitance valuegj@vere obtained from impedance measurements asluss$c
previously [41]. The following relation is useddalculate E (%0):

E, %= (1—i}1oo 3)
R

where R, and R’ are the charge-transfer resistance values with wittlout inhibitor,
respectively.

Examination of Table 2 reveals that, more and niogeATA concentration increases, ries to
higher values showing that ATA inhibit corrosioracéon, and in the same time the decreasing
of Cy Is interpreted by the adsorption of inhibitor ntalkes on the metal surface [41].
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Fig. 3. Nyquist diagrams for mild steel in 0.33M HPQ, containing different concentrations of ATA.

Table 3 Impedance parameters and inhibition efficiacy for the corrosion of mild steel in 0.33M HPO, at
various concentrations of ATA at 303 K

Cinnibitor/ (Mol-L™Y) R (Ohm.cnf) f, (Hz) Cy (uF.cn?) E (%)
0 47 79 43 -

10° 71 45 50 33

10* 74 48 45 37

10° 85 48 39 44

10? 127 46 27 63

Adsorption isotherm

Adsorption isotherms are very important for the ensthnding of the mechanism of organo-
electrochemical reaction [42]. The most frequentBed isotherms are Langmuir, Frumkin,
Temkin, Parsons, etc. [43]. The degrees of surtaserage §) of different concentrations of
ATA in 0.33M H;PO, have been evaluated from weight loss measuremg&he&sef is the ratio

E (%)/100. Examination of the various isotherm nisdledicates that the Langmuir isotherm is
not adequate because the slope deviate from uhi661) and the Temkin isotherm model
describes the adsorption phenomenon of ATA on teel ssurface. The Temkin isotherm
eqguation is:

exp(f.f0) = Kads'C (5)

where C is the inhibitor concentratio,gs the equilibrium constant of the adsorption process
andAGggsthe standard free energy of adsorption, calculased

s T o5 TV RT (6)

Figure 4 shows the variation 6fagainst the logarithm of the inhibitor concentratiThe linear
correlation coefficient is 0.99994 close to unifthe obtained value oK,g<= 2065983. The

negative value oAG°,ys = -46.75 kJ.mot is generally interpreted by a spontaneous adsarptio
process of inhibitor onto the steel surface [44].
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Fig.4. Temkin isotherm adsorption model on the stésurface of ATA in 0.33M H;PO,

Temkin (1941) approached the development of an rptea isotherm by considering a
heterogeneous surface where no molecular interectexist. He divided the surface into
different patches, and since there are no intemastbetween molecules, in each patch the
Langmuir isotherm can be applied. One advantagleeol emkin isotherm is that it considers the
heterogeneity of the surface. However, like thedranir isotherm, it does not take into account
lateral interactions between the adsorbates [48nkin considered mostly solid electrode
surfaces and here the question arises of heteribgersmme sites on the metal surface (at ledges
and corners of the structures on the surface) hetal atoms that are less bound to other metal
atoms and so are more reactive to molecules thgttrpao adsorb there. Temkin stressed the
idea that the surface of a metal would have allmeamf heat adsorptiodyH,q4s at the various
types of sites. When adsorption begi@ss(at first small), the adsorbed molecules wouldilio

the more attracting sites (i.e., those with theaggst bonding power), whef&s°,4s would be
therefore highly negative. However, as the surfdlseup, the more active sites (more negative
AG°,49 become used up and therefore, for highehG,ys would be less negative [46]. This

theory agreed well with our findind\G°ags= -46.75 kJ.maf).

Generally, values aAG®,qsless negative than -40 kJ rifchre consistent with the electrostatic
interaction between the charged molecules and hiheged metal (physisorption). On the other
hand, values aAG°,4s more negative than -40 kJ rifdhvolve charge sharing or charge transfer
from organic molecules to the metal surface to faroordinate type of bond (chemisorption)
[47].

CONCLUSION

e ATA inhibit the corrosion of mild steel in 0.33M3RQ, .

« Triazole examined acted as a mixed inhibitor irBM3H;PO, at 10° mol-L ™.

 The adsorption of ATA onto the steel surface in g@twric acid follows the Temkin
adsorption isotherm model.

* The weight loss, electrochemical impedance spemims and polarization curves are in
reasonably good agreement.
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