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ABSTRACT

The inhibition effects of 2-{N,N-bis[(5-methyl-§rigin-2-yl-1H-pyrazol-3-yl)methyl] amino} ethan(®PN) and 3-
[ N,N-bis(thien-2-ylmethyl)amino]propan-1-ol (TTNh the corrosion of mild steel in 1 M hydrochlo@cid
solution were investigated by weight loss and ebebiemical polarization curves. The results revdatieat both
products were very good inhibitors at very low camtcation and acted as mixed-type inhibitors. Thsaption of
PPN and TTN on mild steel surface basically obeyethe Langmuir adsorption isotherm model. Theceftd
temperature on the corrosion behaviour of mild kstewaes also studied in the temperature rang 25-80TGe

thermodynamic parameters such as adsorption heatH®) and adsorption free energp4G°) were calculated
and discussed.

Keywords: Corrosion inhibition, tripod, Polarisation curv&ggight loss, Mild steel.

INTRODUCTION

Hydrochloric acid is widely used for the removalraét and scale in several industrial processes.cbrosion of
steel and ferrous alloys in such environments asdnhibition constitute a complex problem. Varidypes of
organic compounds are widely used as corrosionbitang for materials protection against deterianmatifrom
corrosion. A perusal of the literature on acid osion inhibition reveals that most organic substanemployed as
corrosion inhibitors act by adsorption on the metaiface. The adsorption mainly depends on theepoesofr-
electrons and heteroatoms, which induce greatarptiisn of the inhibitor molecules onto the surfademild steel
[1-11]. The influence of the inhibitor upon metaksion is often associated with physical or cleaindsorption.
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The compounds containing both nitrogen and sulglanr provide excellent inhibition compared with cauapds
containing only nitrogen or sulphur [6]. In recgefirs, N- and S-containing triazole derivativesehattracted more
attention for their excellent corrosion inhibitiggerformance [12-14]. Not only can some N- and St@&ioing
triazole compounds give very high values of intdbitefficiency, but they can bring down the hydnogeermeation
current to a considerable extent [12]. Hackermatj ffave the idea that higher percentagetofbital of the free
electrons on the N-atom leads to inhibitive actibhe N-containing compounds used as acid inhibitectude
heterocyclic bases such as pyridine, quinoline, gadous amines [15]. The influence of some hetghc
compounds containing more than one nitrogen atantis€ir molecules, on corrosion of mild steel ifdasolutions,
was investigated [6-11] with a view to establishretation among the examined substances betweeacoiat
structure and inhibition efficiency of various coooynds.

The aim of this paper was to study the inhibitican of newly tripode compounds, namely I9;N-bis[(5-methyl-
1-pyridin-2-yl-1H-pyrazol-3-yl)methyllamino} ethanol and B¢N-bis(thien-2-ylmethyl)amino]propan-1-ol and
denoted hereafter PPN and TTN, respectively. Thie@nosion behaviour of mild steel in 1 M HCI madi in the
absence and presence of the tripod inhibitors heen tstudied by gravimetric method and potentiodyoam
polarisation curves. The thermodynamic parametetiseoundertaken inhibitors adsorption onto thedrsileel were
determined and the nature of inhibitors adsorppimtess was also studied and discussed.

MATERIALS AND METHODS

2.1. Material preparation

Mild steel strips composed of: 0.09 wt.% P, 0.38%w86i, 0.01 wt.% Al, 0.05 wt.% Mn, 0.21 wt.% C,D®t.% S and
balance iron were pre-treated prior to all experitady grinding with emery paper SiC (grades 400260), then
cleaned with ethanol, rinsed with distilled wataeddinally dried at room temperature before uses $hlutions (1
M HCI) were prepared by dilution with distilled veat The tested inhibitors, namely Ref\-bis[(5-methyl-1-
pyridin-2-yl-1H-pyrazol-3-yl)methyllJamino}ethanol (PPN) and R;N-bis(thien-2-ylmethyl)amino]propan-1-ol
(TTN) were synthesised according to a previouslgcdbed experimental procedure [16,17]. The mokarcul
structures of these products are shown in Fig.he doncentration range of these inhibitors employad 1¢ to

10° M.
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2-{N,N-bis [(5-methyl-1-pyridin-2-yl-H-pyrazol-3-yl) 3-[N,N-bis(thien-2-ylmethyl)amino]propan-1-ol

methyl] amino}ethanol (PPN) (TTN)

Fig. 1. Chemical formula of both inhibitors

2.2. Weight loss method

2.2. Weight loss measurements

Gravimetric experiments were carried out in a deudass cell equipped with a thermostatic cooliogdenser. The
solution volume was 100 mL. The steel specimengl sve a rectangular form (length =2 cm, width =lcm
thickness =0.2cm). The duration of tests was 6 2b6a€ in aerated solutions. At the end of the takts specimens
were carefully washed and then weighed. Duplicapeements were performed in each case and the waaa of
the weight loss was reported. Weight loss allownaldutation of the mean corrosion rate in mgZn.
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The inhibition efficiency (IE%) of PPN and TTN dmet corrosion of mild steel was calculated as fodliow
W, -W
IE,, % =—2—x100 (1)
0
Wy andW are the values of the average weight loss withadtwith addition of the inhibitors, respectively.

2.3. Current-voltage I-E measurements

Electrochemical experiments were carried out usiioffa Lab PGZ100 and controlled with corrosion gsél
software (Voltamaster 4). Polarisation measuremeste obtained using a conventional three-electomilewith a
capacity of 500 mL. The working electrode (WE){te form of a disc cut from steel, had a geomdtacea of 1
cn? and was embedded in polytetrafluoroethylene (PTBEVoid any infiltration of electrolyte. A satarealomel
electrode (SCE) and platinum electrode were useéfasence and auxiliary electrode, respectively tésts were
performed in aerated solutions under continuousisesl conditions at 25 °C.

The anodic and cathodic polarisation curves wegerded by a constant sweep rate of 1 MV Ehe data in the
Tafel region (-750 to -250 mV versus corrosion ptigg), except in the vicinity of corrosion poteadfiE.,,, have
been processed for evaluation corrosion kinetiamaters evaluation by plottinag | versusE curves.

The inhibition efficiency was evaluated from theasered,,, values using the relationship:

|E (V _ Icorr - Icorr(inh) ><100
1-g 70— )

corr

Wherelornny andleo, are the corrosion current density values with aittlout inhibitor, respectively, determined
by extrapolation of Tafel lines to the correspogd@rrosion potential.

RESULTS AND DISCUSSION

3.1. Adsorption and corrosion inhibition of PPN ahdN

Table 1 gives the values of the inhibition effigignobtained from weight loss measurements of miteblsat
different concentrations of TTN and PPN in 1 M HEI25 °C after 6 hours of hold time immersion. Twests of
corrosion weight loss are realized and apparentigiom resulting from used material and reprodlitibiis

esteemed to 8%.

The inhibition efficiency increases with the incgeaof inhibitors concentration. The maximulay, % is
approximately 97% with TTN at 25 °C. This behavigcan be attributed to the increase of the surfaea eovered
by the adsorbed molecules of inhibitors with ther@ase of their concentration. It is generally as=sd that the
adsorption of the inhibitors at the metal/solutiorerface is the first step in the mechanism ofibitton in
aggressive media.

Table 1: Corrosion weight loss of mild steel in thélank solution and added of PPN and TTN at differat concentrations after 6 h of
immersion at 25 °C.

. Concentration Weorr IEwL
Inhibitor mol L? mgcm?h® %
HCI 0 1,76 O

10° 0.75 57.4

10° 0.48 72.4

5x10° 0.34 80.5

PPN 10 0.20 88.6

5x10* 0.11 93.8

10° 0.09 94.9

10° 0.65 63.1

10° 0.43 75.6

5x10° 0.26 85.3

TIN 10° 0.15 91.5

5x10* 0.09 94.9

10° 0.06 96.6
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Four types of adsorption may take place by organaiecules at the metal/solution interface: (1) tetestatic
attraction between the charged metal and the ctiarg#ecules, (2) interaction of uncharged electnoais in the
molecule with the metal, (3) interaction ufelectrons with the metal and (4) combination ofafid 3) [18].
Chemisorption involves the share or transfer ofrghdrom the molecules to the surface to form adinate type
bond. Electron transfer is typical for transitiortals having vacant low energy electron orbital.féxsinhibitors,
the electron transfer can be expected with competiading relatively loosely bound electrons [19].

Fig. 2 shows the variation of \g% with concentration of PPN and TTN for mild steell M HCI in the range of
temperature from 40 °C to 80 °C. Both PPN and TTNikited the corrosion of steel with relatively dima
concentration. Figure 2 also exemplifies that thfghiition efficiency increases with the inhibitazsncentration in
the range of the studied temperatures. When theerration reaches approximately“l®l, the IEy, % reaches
certain values and do not change obviously for Rithbitor whereas it decreases continually everhigher
concentrations for TTN with rise of temperature.

Two modes of adsorption can be considered. Theepsoof physical adsorption requires the presenegeofrically
charged metal surface and the charged specie®ibulik of the solution. Chemisorption process imesl charge
sharing of charge transfer from the inhibitor males to the metal surface. This is possible in adsgositive as
well as negative charges on the surface. The ptesefha transition metal, having vacant, low-eneefgctron
orbital, and an inhibitor molecule having relativébosed bound electrons or heteroatoms with lcaie-glectrons
facilitates this adsorption [7]. On the other haRBN and TTN which possess nitrogen, sulphur arydgerx atoms
and lone-pair electrons can accept a proton, lgattirthe cationic forms. These species can adsorthe metal
surface because of attractive forces between thatively charged metal and the positively inhikstdin our case,
PPN as it temperature-independent may be adsonteetbmpinantly by chemisorption whereas for TTN whitsh
inhibiting efficiency decreases dramatically wigmtperature may essentially act by physisorption.

100
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Fig. 2: Variation of | Ew. % with concentration of PPN and TTN for mild steel a different temperatures.

A correlation between the surface coveragend the inhibitors concentratioG, in the electrolyte can be
represented by the Langmuir adsorption isothermain@®d]:
K. ..C C, 1
- ads “~inh or inh - +Cinh (3)
1+KadsCinh 9 K

ads

Where Cy,, is the concentration of inhibitoK,ys is the adsorptive equilibrium constaftis calculated from the
following relation [21,22]:

6= W, -W
W, —W,
W andW, are the weight loss, in hydrochloric acid solufiatith and without addition of inhibitors, respeety and
W, is the smallest weight loss.

4
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The plots ofC;,/ @ versus inhibitors concentratid®,, at different temperatures, show a linear conaadf slope
close to unity (Fig. 3). The results of linear eggion indicate that linear correlation coefficgee(d are all circa 1.
This behaviour suggests that the adsorption of BRINTTN at the mild steel/1 M HCI interface obeyd.angmuir
adsorption isotherm. Th#&,s constant is determined from the intercept in Rgaccording to the following
assumptions:

- That the inhibitors form a mono (molecule) layer the iron surface at the maximum inhibition ofrosion
weight loss;

- That there is no interaction between the adsosipedies on the electrode surface [23];

- That PPN and TTN are adsorbed on the iron sudacerding to the equations:

Fe+PPN=Fe-PPN

_ ®)
Fe+TTN=Fe-TTN

Thus, the values df,4s for the two studied inhibitors, used at differearhperatures, are presented in Table 2.
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Fig. 3: Langmuir isotherm adsorption (Ci:n/6 vs. Cinn) of both inhibitors derived from weight loss meastements at 25°C

According to Vant Hoff equation:
A H
InK_,.=—-—23%_ tcte (6)
RT

Then, the adsorption heat can be calculated appaigly as follows:
T,T K
A H=R—22In(—% (7)
ads T _ ( Kl )

2 1

As the experiments are done at the standard peegsiibar) and the solution concentration is sotleat it is close
to standard conditions, the adsorption heat canfpeoximately regarded as the standard adsorpganAigH .
The standard free energy of adsorptiqpG is obtained according to [24]:

1 A

= 8
2ds 5555 ©)

The large positive values of adsorptive equilibricamstan,qs and the large negative values of the free enefgy o
adsorptiom 4G in 1 M HCl indicate that PPN and TTN are strongtisorbed on the mild steel surface [25] (Table
2).
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Table 2: Adsorption parameters of mild steel in 1 MHCI in the presence of 1M of PPN and TTN inhibitors at different temperatur es

G T 2 AaaG°® AagH° IEwL
Inhibitors K r Kads slope KImol: kI mol-* %
308 1 212216 1.03 -41.72 -47.56 94.5
TTN 313 1 285460 1.14 -43.17 92
323 0.999 71101 1.12 -40.82 -63.50 87.5
333 0.999 34968 1.18 -40.11 82.6
308 0.9997 178720 1.14 -41.28 94.9
PPN 313 0.9999 173513 1.03 -41.88 -40.32 92.3
323 1 116789 1.02 -42.15 23.78 90.9

333 1 89522 1.17 -42.72 91.5

The values of the free energy of adsorption for ke compounds are as calculated from the Langiypi-
adsorption. Generally, the values &f;,G below -20 kJ met are consistent with electrostatic interaction, levhi
those above -40 kJ mbinvolve chemisorption [26]. The values 8f;G for the two compounds point out to the
spontaneity of the adsorption process under inyatsd experimental conditions and also stipulatg the
adsorption of two compounds occur predominantlgtgmisorption.

The inhibition is very good even at low concentat{Figs. 1 and 2). The adsorption equilibrium ¢tansdecreased
with rise of temperature, which indicated thasitlifficult to adsorb on the steel surface. Itlsoaeported that the
inhibition of PPN is good, and its inhibition effénicy is slightly temperature-independence. In @&stf the
inhibition efficiency of TTN decreases with tempera (see Fig. 2). The negative values of adsargieatA o H’
of the two inhibitors in 1M HCI show that the preseof adsorption is exothermic.

3.2. Effect of temperature at'301 of PPN and TTN

The effect of temperature on the inhibition effiwig is determined for 1 M HCI solution containing®1M of the
TTN and PPN, at different temperatures, rangingf@s to 80 °C. The choice of this concentratiojusdified by

the fact that at &M, the best inhibition efficiency is obtained attperature 25°C. The results obtained by weight
loss at various temperatures are given in Table 3.

Table 3: Corrosion parameters obtained from weighit various temperatures studied for mild steel in M HCl at 10 mol L™ of PPN
and TTN inhibitors

- Temperature W eorr IE
Inhibitors K mg cm? ht %
298 176 n
313 212 ;
323 352 ;
1M HCI 333 6.92 .
343 1338 ;
353 22.95 :
298 009 948
313 016  92.4
323 022 937
PPN 333 059 914
343 104 922
353 207 909
298 006 96
313 017 919
323 044 875
TTN 333 12 82.6
343 34 745
353 7.9 65.5

It is noticed that the corrosion rate increase$ witreasing temperature; this effect is attributedhe increased
migration rate of proton Hwith increasing temperature [27]. The inhibitiofficency is found to decrease
drastically from 96.6% to 65.5% for TTN whereas RPN the decrease is very slow and remains cirnataot
with increasing temperature from 25 to 80 °C. Tlaugs of the activation enerdsy, are calculated from the
Arrhenius equation:

1892
www.scholarsresearchlibrary.com



M. Sfaira et al Der Pharma Chemica, 2012, 4 (5): 1887-1896

W, = Ae_(%] ©)

corr

W, IS the corrosion rateA the pre-exponential factof, the absolute temperature aRdis the universal gas
constant.

The plots of logarithm of the corrosion ratk,,, versus reciprocal temperature are given in Figure

1,54 ]
g 1,04 .
'
N
% 0,5 .
(@)
£
~ 0,0 i
;§
-0,5 1 TTN i
£ o PPN
A 1MHCI
-1,0 4
2,8 29 3,0 31 3,2
1000/T (K

Fig. 4: Arrhenius plots of In We,r versus 1/T at 1¢ mol L™ of PPN and TTN inhibitors

The plots obtained are straight lines and the stdpeach straight line gives its activation enekgy The E, value
for the corrosion of mild steel in 1M HCI, is fouretjual toE,=56.02 kJ.mot which is in agreement with the
literature [28,29]. For TTN and PPN which act afedfve inhibitors, the Evalues are higher and equalEg=
89.33 kJ.mot andE, = 61.19 kJ.mot for TTN and PPN, respectively.

It is well recognized that the temperature depecdai the inhibition effect and the comparisonhs values of the
apparent activation energl,, of the corrosion process in absence and presghicdnibitors can provide further
evidence [7] concerning the mechanism of the inioibi action. The decrease of the inhibitor efficgrwith
increasing temperature, which refers to a highéwevaf E;, when compared to free solution, is interpretecas
indication for an electrostatic character of theilitor's adsorption. However, the lower valueEfin inhibited
solution compared to uninhibited solution can bpl@red by strong chemisorption bond between théitor and
the metal. Some authors reported that electrosaatsorption proceeds irrespective of the fact thakg, value in
the presence of inhibitor is lower than that irefemlution [6]. Hence, the lower value of the aatiion energy of the
corrosion process in the free inhibitor solutiormpared to those in inhibited media is generallyitaited to the
physical adsorption. Consequently, both of theistid®PN and TTN inhibitors have a character of suoyption,
especially for PPN for which the chemisorption asfirmed both by the fact that the inhibiting effiocy is circa
temperature independent as well as by the valfi®efenergy of adsorption.

3.3. Polarization curves

Current—potential characteristics resulting fromeptiodynamic curves for the mild steel electraud imol L* HCI
in the absence and presence of the studied compoared evaluated. Fig. 5 depicts typical potentiadyic
polarization curves of the two compounds at diffé@ncentrations.
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Fig.5: Polarization curves for mild steel in 1 M HQ containing different concentrations of PPNand TTN at 25 °C.

For the studied inhibitors, one notes that an i®edn inhibitors concentration makes a decreasathodic as well
as anodic current densities. Furthermore, the smmapotential remains almost constant with inlitsitaddition at
different concentrations. Thus, the inhibitors unidgestigation are of mixed type inhibitors.

For higher overvoltage (more than -0.3 V/sce apipnaiely), the various polarization curves tend @overge, with
the high currents densities. This convergencetenadxplained by the fact that at high anodic pidés) the organic
compounds are desorbed then the dissolution oftmkes place on an almost naked metal surface JB0Tdis
interpretation is at all the more plausible sinedhiis field of potential, all the polarization #es obtained in the
presence of inhibitors approach that obtained thighblank solution.

Table 4 represents the various electrochemicalnpetexs for mild steel corrosion in 1 M HCI contaigidifferent
concentrations of the undertaken compounds.

Table 4: Polarization parameters in the corrosion dbmild steel in 1 M HCI containing different concentrations of PPN and TTN at 25 °C

- Concentration  Ecor -be b, | corr IEie
Inhibitors mol L* mVe, mVdect mVdec! pAcm?® %
HCI 00 -439 139 75 238 -
10° -480 120 76 102 57
™ 10° -500 108 83 74 69
10* -489 148 78 38 84
10° -480 148 84 25 89
10° -440 146 68 185 23
PPN 10° -441 147 69 114 52
10* -438 148 64 68 71
10° -447 14t 65 31 87

The cathodic Tafel slope db relating to the polarization of mild steel inrol L HCI, is equal to -139 mV déc
As it is brought back in the literature [31], tiviglue indicates, in general, that the reductiortiea of hydrogen on
iron takes place according to the mechanism of \éoihteyrovsky:

. _
H +e - H,_,.

+ -
H " +H_ - e +H,

(10)

In the presence of PPn and TTN inhibitors, theddue increases, but not necessarily resultingy feomodification
of the reaction mechanism [32]. Indeed, when thee @& covering increases with increasing of intukst
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concentration, the electrode active surface is aeduand the adsorbed film can have an ohmic behawttch

appears by an increase in the value of338]. The reduction reaction of hydrogen may tHellow the same
mechanism as in absence of inhibitor. In this c#se,hydrogen adsorption on the metal surfacess than the
adsorption of the inhibitor molecules. Consequentig Heyrovsky reaction is thus limited by the Brgaantity of

the species ks[31].

The anodic Tafel slopesjbrelating to the iron polarization in 1M HCI, 7 mV.de¢. This value is in agreement
with the obtained resulst by other studies of tba corrosion in 1 M HCI medium [34-36]. In thissea Lorenz and
al. [36] suggest a process of dissolution activitel ions, according to the reaction pathway:

Fe+H,O - FeH,O,,
FeH,0,,+Cl™ - FeCl+H,O
FeCl,,+OH™ « FeOH" +CI™ +2e”
FEOH" +H" « Fe* +H,0

11)

In the inhibited media, the anodic Tafel slopesa@mnincluded between 65-84 mV.dedhus, although compounds
PPN and TTN decrease the dissolution of iron, thepot seem to modify its mechanism; the dissafutiis being
done primarily on the free face of metal [34]. Tharent densityl(,,) is determined by extrapolation of the linear
slope of the cathodic or anodic curves to the @wropotential and the inhibiting efficiently % is deduced from
it.

The results, shown in Table 4, illustrate that ¢therosion current density of iron in 1 M HCl is 288.cm? This
value is comparable with those found by other asthender similar conditions [37]. The additionRFPN and TTN

to the electrolytic solution involves a reductiom lio,. This reduction is marked more and more when the
concentration of each inhibitor increases until¢higcal concentration of M for which one obtains values of 25
and 31 pA.crf for TTN and PPN, respectively. Consequently, TTa$ lan inhibiting efficiency of 89%, and 87%.
These results are in agreement with the valuesrautdy weight loss.

CONCLUSION

The following conclusions were drawn from this stud

1.The inhibition effects of 2-{bis[(5-méthyl-1-pyridi2-yl-1H-pyrazol-3-yl)methyllamino} ethanol (PPN)hd 3-
[bis(thien-2-ylImethyl)amino]propan-1-ol (TTN) onelcorrosion of mild steel in hydrochloric acid d@a (1M)

are investigated by weight loss and electrocheynietthods.

2.The results reveal that both products are very goix@d inhibitors at low concentration.

3. The adsorption of the studied inhibitors on thddnsteel surface basically obeys the Langmuir gutmr

isotherm equation.

4.The set of results from the study of temperatufecefon the inhibiting efficiency, the free energfyadsorption
derived from adsorption process as well as theiddavalues of activation energy of the corrosioocpss, it is
suggested that the PPN inhibitor is predominantignsisorbed on mild steel surface while TTN is eSaliyn

physisorbed.
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