Journal of Chemical and Pharmaceutical Research, 2@, 4(7):3489-3497

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Inhibiting effects 4,5-Diphenyl-1H-Imidazole-2-Thid for C38 steelin 1 M
HCI : Electrochemical study

D.Ben Hmamou!, M. R. Aouad?, R. Salghi'’, A. Zarrouk 3, M. Assouag’®, O. Benali®, M.
Messali4, H. Zarrok 4, B. Hammouti 3

! Equipe de Génie de I'Environnement et BiotechrieldgNSA, Université Ibn Zohr, BP1136
Agadir, Morocco.
2 Chemistry department, Faculty of Science, Taibalvéfsity, 30002, Al-Madinah
AlMounawara, Saudi Arabia
3_LCAE-URAC18, Faculté des Sciences, Université Mohednf’, Oujda, Morocco.
“Laboratory of the Separation Processes, UnivellsityTofail, Faculty of the Sciences, P.O.
Box 1246 Kénitra Morocco.
°Départment de Biologie, Faculté des sciences & technologie, Université Dr. Tahar
Moulay - Saida

ABSTRACT

4,5-Diphenyl-1H-Imidazole-2-ThiqIDIT) as C38 steel corrosion inhibitor in 1 M HCI sohni was studied by
using potentiodynamic polarization and electrocloain impedance spectroscopy (EIS). Polarization vesr
indicate that inhibition efficiencies @l T increase with increasing inhibitors concentratidnhibition efficiency of
DIT reached 92.74% at TOM. The adsorption obIT on C38 steel surface obeys the Langmuir isothdine.

negative values afG°,ysindicate the spontaneous adsorption of the inbitiin steel surface.

Keywords: Corrosion inhibition; Adsorption; C38 Steel; Biexxhemical measurements.

INTRODUCTION

Acidic solutions are used in many industrial ar6dse most important applications are acid picklimglustrial acid
cleaning, acid descaling, and oil well acidizing2ll Steel has found wide applications in a bropdcgum of
industries and machinery; despite its tendencyotoosion [3—4]. The use of inhibitor is one of tmest practical
methods to protect metals from corrosion, espaciallaggressive media [5-8]. The higher inhibitiefiiciency
(E%) is essentially due to the presence of hetemog and the presence of triple bonds or aromat@srin their
structures increase the adsorption process anddsfodlow the sequence O <N < S < P [9-25].

In this work, a 4,5-Diphenyl-1H-Imidazole-2-Thi@IT) had been studied on the corrosion inhibition of G&fI

in 1M HCI solutions by weight loss and electrocheshimethods studies. The chemical structure ofstheied
compound was given in Fig. 1.
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Figure 1. The chemical structure of the4,5-Diphenyl-1H-Imidazole-2Thiol
EXPERIMENTAL SECTION

Electrochemical tests

The electrochemical study was carried out usingotergiostat PGZ100 piloted kVoltamaster software. Th
potentiostat is connected to a cell with threetebgle thermostats with double wall (Tacussel Steth@EC/TH). A
saturated calomel electrode (SCE) and platinumtrelde were used as reference and auxiliary elees;
respediely. The material used for constructing the wogkielectrode was the same used for gravim
measurements. The surface area exposed to theobleets 0.094 ci.

Potentiodynamic polarization curves were plotted polarization scan rate of (mV/s. Before all experiments, tl
potential was stabilized at free potential duriign3in. The polarisation curves are obtained f-800 mV to —400
mV at 298 K. The solution test is there afte-aerated by bubbling nitrogen. Gas bubbling is naanedprior and
through the experiments. The electrochemical impeglapectroscopy (EIS) measurements are carriedittuthe
electrochemical system (Tacussel), which includeligéal potentiostat model Voltalab PGZ100 compw&eE.,,,
after immersion in solution without bubbling. Aftdre determination of stea-state current at a corrosion potent
sine wave voltage (10 mV) peak to peak, at fregiesngetween 100 kHz and 10 mHz are superimposéhdeores!
potential. Computer pragms automatically controlled the measurementoopedd at rest potentials after 0.5 h
of exposure at 298 K. The impedance diagrams aengn the Nyquist representation. Experimentsrapeatec
three times to ensure the reproducibi

Solutions preparation

The aggressive solution (1M HQWas prepared by dilution of Analytical Gra37 % HCI with double-distilled
water. The organic compourtdstedwas 4,5-Diphenyl-1H-Imidazole-2-ThigDIT). The concentration range
this compound was 1o 10° M. The studied organic compound was synthesized asibled elsewher[26-27].

RESULTS AND DISCUSSION

Polarization curves

The currentpotential relationships (cathodic and anodic)C38 steel in 1 MHCI in the presence of ttdifferent
concentrations ofDIT) at 298K are shown in Fig2. Values of associated electrochemical parametgb as
corrosion potential (&), corrosion current density,,), cathodic Tafel slope {h and the calculated P(%) ¢
presented in Table. In this case, the inhibiticefficiency is defined as follows[ 28-30]:

o _
P%=M x100 N

where | 80” is the corrosion current density in uninhibiteddsand | ., is the corrosion current density in inhibit

acid.

As can been seen from Figure 2, both anodic arftbdat reactions of corrosion process were signitiyainhibited
while the imidazole derivative is added to the amidution. The addition of the studied compoundreased thi
current densities in a lge domain anodic and cathodic of potential. Iirditere, it has been reported that-32] if
the displacement ik, 1) is >85 mV with respect {E.,, the inhibitor can be seen as a cathodic or artygie anc
2) if the displacement ik, is <85 mV, the inhibitor can be seen as mixed type. In study, the maximur
displacement irE,,, value is 25 mV towards cathodic region, which iadiis thalDIT studied is mixed-type
inhibitors [33]. The increase in inhibition efficiey with increasing inhibitor concentration mayditibuted to the
formation of a barrier film, which prevents theaatt of acid on the metal surface -35]. Moreover, these
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inhibitors cause no change in the anodic and c&thbalfel slopes, indicating that the inhibitors dirst adsorbed
onto steel surface and therefore impedes by méfebking the reaction sites of iron surface withaffecting the
anodic and cathodic reaction mechanism [36]. Tt in@ibition efficiency was about 92.74% at cortcation 102

M.

| (A.cm?)

corr

-0.7 | —OI.6 | -0.5 | -0.4
E(V/SCE)

Figure 2. Potentiodynamic polarisation curves of C8 steel in 1M HCI in the presence of different corentrations of DIT

Table 1. Electrochemical parameters of C38 steel &arious concentrations of DIT in 1M HCI and corresponding inhibition efficiency.

Conc. Ecorr | corr 'bc EI

(Mol /L)  (mV/SCE) (uA/cm® (mV/dec) (%)

Blank -507 124 225 e
10° -501 65 217  47.58
10° -502 57 196 54.03
104 -508 39 155  68.54
10° -495 31 360  75.00
10? -532 9 221 92.74

Electrochemical impedance spectroscopy measurements
Nyquist plots in 1 M HCI solutions @IT in the absence and presence of various concemmsatire given in Fig. 3.
The impedance spectra show that a single semicinatk the diameter of semicircle increases witheasing
inhibitor concentration. These diagrams exhibitt tiee impedance spectra consist of one capacitiop ht high
frequency, the high frequency capacitive loop waibated to charge transfer of the corrosion pssde8].

Impedance parameters derived from the Nyquist plogscent inhibition efficiencies, P (%) and theuieglent
circuit diagram are given in table 2 and figureespectively.
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Figure 3. Nyquist diagrams for C38 steel electrodeith and without DIT at E .. after 30 min of immersion.
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Figure 4. The equivalent circuit of the impedancepectra obtained for DIT

Figure 5 gives an example of fitting curve, wheresge clearly that the fitted data match the erpental.
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Figure 5. Curves fitting of EIS data of C38 steeli 1 M HCI with 10" M of DIT to Nyquist plots at Ecorr

To describe the observed depression of the capa@gmicircle it is necessary to replace the camably some
element, which has frequency dispersion like thestant phase element (CPE). This element is a glésed tool,
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which can reflect exponential distribution of thar@meters of the electrochemical reaction relatednergetic
barrier at charge and mass transfer, as well asdane behaviour caused by fractal surface steig3ui.

The dispersion of the capacitive semicircle is akmd also by surface heterogeneity due to sunfagghness,
impurities or dislocations [38-39], distribution attivity centres, inhibitors adsorption and forimatof porous
layers [28-30, 40]. The impedance of the CPE is42]L:

Lepe = Q! ()™ (2

where Q is a proportionality coefficient and n apa@nent related to the phase shift. For whole numbén = 1, 0,
-1, CPE is reduced to the classical lumped elemgagscitor (C), resistance (R) and inductance rggpectively.
The value of n = 0.5 corresponds to Warburg impeddiV). Values of n can serve as a measure ofutface
heterogeneity [38-39, 43].

The percent inhibition efficiency is calculated ¢lyarge transfer resistance obtained from Nyquistisphccording
to the equation:

P o=
t
where Rt and R't are the charge transfer resistance values witditwith inhibitor, respectively.

x100 @3)

Table 2. Electrochemical Impedance parameters forarrosion of C38 steel in acid medium at various cdants of DIT

Conc (M) Ri(Q.cnm?) n Q(/Q.cmd) Cy (MF/lcm?) Eg (%)

Blank 51.42  0.89 1.91x10 107.88

10? 501.9 0.88 6.79x1C° 42.88 89.75
10° 203.7 0.86 8.76 x1C0° 45.46 74.75
10* 178.3 0.84 1.46 x10' 72.83 71.16
10° 1428  0.85 1.61x10' 82.65 63.99
10° 87.11 0.86 1.92 x10' 98.67 40.97

From this table we can see that, the \Rlues of investigated product increase with iasigg inhibitor
concentration. The greatest effect was observeal @incentration of 1M, which produced Rvalue of 501.9
Q.cnf. At the same time the (Chas opposite trend at the whole concentrationeafijese observations clearly
bring out the fact that the corrosion of C38 stedl M HCl is controlled by a charge transfer prssx€elhe decrease
in Cy is due to the gradual replacement of water moéscudy the adsorption of the organic molecules at
metal/solution interface, leading to a protectivenfon the C38 steel surface, and then decreasmgxtent of
dissolution reaction [44]. The decrease of the eslof n when compared with 1 M HCI and with conign can

be explained by some increase of surface heterdgedee to the adsorption of the inhibitor on tmest active
desorption sites [39].

Note that the capacitances were calculated fromd)Rausing the equation [45-46] :

(CR,)’
Q="—"" (4)
Rt
These results are in reasonably good agreementthétivalues of inhibitor efficiency obtained frorolgrization
technique.

Adsorption consideration
Assuming the corrosion inhibition was caused byatisorption oDIT on the C38 steel in HCI 1 M, the degree of
surface coveragd), of the metal surface was calculated from poteiytiamic polarisation and EIS measurements
using the following relations [47]:
9 - ICOFI’ B IICOFI’ (5)

I

where L., and |'Corr are the current densities for the blank and théited solutions, respectively.
And[48 ],

corr
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6= m x100 (6)
R
where R’ andR; are the charge transfer resistance values withwltgth inhibitor, respectively.

The adsorption of an organic adsorbate at a maethitien interface can be represented as a substifit
adsorption process between the organic mascin the aqueous solution Qggand the water molecules on
the metallic surface }®qs)[49].

—

Orgsoly + X HoO(ads) <

Orgags)+ X H2Os0i) (7

where Org,, and Orgygqs are the organic molecules in the aqueous sol@i@hadsorbed on the metallic surface,
respectively, HO.qs)is the water molecules on the metallic surfaces the size ratio representing the number of
water molecules replaced by one molecule of orgadsorbate.

According to Bockris and Drazic [50], the inhibitianechanism could be explained by the Fe-fjheaction
intermediates :

- .
Fe + Inh > Fe(Inh)gs F€"+ne+Inh (8)

At first, where there is not enough Fe(lpi)o cover the metal surface, because the inhibitacentration is low or
because the adsorption rate is slow, metal digeolthkes place on sites of the C38 steel surfaem df Fe(Inh),
With high inhibitor concentration, a compact anche@nt inhibitor overlayer forms on the C38 staafface,
reducing chemical attack of the metal [51].

When the equilibrium of the process described in(B}jis reached, it is possible to obtain différexpressions of
the adsorption isotherm plots.

Of the known adsorption isotherm’s, the datafofalues were found to fit well with Langmuir isothe The
isotherm is given by :

E:i+c 9)
g K
with
1 AG s
K =——expF 10
555 ol RT ) (10)

where C is the concentration of the inhibitor ie thulk of the solution, K the adsorptive equilibniiconstant and
AG°,4sthe free energy of adsorption.

C
According to this isotherm a plot ofé—’ against C should give a straight live with a slopeinity. Fig. 12 shows

such these plots. For all the plots, straight limese obtained with slopes very close to 1, whinfidates that the
adsorption of inhibitor onto C38 steel surfaceaads with the Langmuir adsorption isotherm. Thailtasieans that

C
there were no interactions among the adsorbed espdb2]. The linear regression betweeg and C were

calculated by the computer, and parameters aegllist Table 5. It can be seen from this table thatadsorption
equilibrium constant (K) values increased with @®sing temperature, which indicated tfAT was easily
adsorbed strongly onto the C38 steel surface aehigemperatures.

Table 3. Some parameters of the linear regressioretween Cf and C

Slope K AGag: (kJ/mol)
FromEq.5 1.06 1.35xf0 33.51
FromEgq.6 1.07 1.56xf0 33.87
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Figure 6. Curves fitting of the corrosion data of 38 steel in the presence of DIT to Langmuir isothen at 298K

The value ofAG,¢4sfrom the Langmuir adsorption isotherm in 1.0 M HEtalculated to be -34 kJ / mol. The large
negative value oAG.ys reveals that the adsorption @IT molecules on the C38 steel surface is spontanaadis
the adsorptive layer is highly stable [53-55]. Qailg, the magnitudes oAG,4s around -20 kJ / mol or less
negative are assumed for electrostatic interacti@t&een inhibitor and the charged metal surfabgdisorption),
and those around -40 kJ / mol or more negativenalieative of charge sharing or transferring frorganic species
to the metal surface to form a coordinate type efaihbond (chemisorption) [53]. Accordingly, thdu@ofAG,q4s -

34 kJ / mol suggests that the physisorptioDbF molecules occurs together with the chemisorptioritee C38
steel surface. In fact, due to the strong adsampmifowvater molecules on the surface of steel, iy i assumed that
adsorption occurs first due to the physical foraesd then the removal of water molecules from tindase is
accompanied by chemical interaction between thalmsetface and the adsorbate [56-57].

CONCLUSION

It can be concluded that:

» DIT is a good inhibitor for C38 steel corrosion in 1HCI, and inhibition efficiency increases with timerease

in the concentration dIT .

+ As a mixed-type inhibitoDIT inhibits the reduction of Hions by merely blocking the reaction sites of G8&l
surface.

» A good agreement is obtained between the polanizatata and electrochemical impedance spectroscopy
measurements.

» DIT prevents C38 steel from corrosion through the t&p@ous adsorption on steel surface, and the moces
accords with Langmuir isotherm.
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