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ABSTRACT

4,5-Diphenyl-1H-Imidazole-2-ThioD{ T) has been evaluated as a corrosion inhibitor f@8Gteel in 1 M HCI by
gravimetric method. The effectdfT on the corrosion rate was determined at variouscemtrations. The effect of
the temperature on the corrosion behavior with #ddiof the optimal concentration @ T was studied in the
temperature range 298 — 328 K. TB¢T acts as an effective corrosion inhibitor for C38 hydrochloric acid
medium. The inhibition process is attributed to filvenation of an adsorbed film & T on the metal surface which
protects the metal against corrosion. The protecedficiency increased with increase in temperatuxdsorption
of DIT on the C38 steel surface is found to obey the lramgadsorption isotherm. Some thermodynamic fonsti
of dissolution processes were also determined.
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INTRODUCTION
The use of chemical inhibitors to decrease the ohiorrosion processes has been the focus of maryy efforts
within the chemical process industry [1]. In recgatrs, there is a considerable amount of effovbtial to find
novel and efficient corrosion inhibitors and sulpland/or nitrogen containing molecules have beemdoto be
effective corrosion inhibitors [2 —8]. The corrasiénhibition of steel is a subject of large-scadehnological
importance, due to the fundamental economical itagibbns of this material in the industrial mediu®a1[3].

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 ofstbdied
compound was given in Fig 1.
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Figure 1. The chemical structure of the4,5-Diphenyl-1H-Imidazole-2Thiol

EXPERIMENTAL SECTION

Weight loss measurements

Coupons were cut into 2 x 2 x 0.08°% dimensions having composition (0.179% C, 0.165%03439% Mn,
0.203% Cu, 0.034% S and Fe balance) are used fighivioss measurements. Prior to all measuremdimés
exposed area was mechanically abraded with 180, 820, 1200 grades of emery pape The specimens are
washed thoroughly with bidistilled water, degreased dried with ethanol. Gravimetric measuremengscarriec
out in a double walled glass cell equipped withermostated cooling condenser. The solution volisT@0 cn®.
The immersbn time for the weight loss is 6 h at 29¢

Electrochemical tests

The electrochemical study was carried out usingotergiostat PGZ100 piloted by Voltamaster softwarhis
potentiostat is connected to a cell with threetebele thermostats with doul wall (Tacussel Standard CEC/TH).
saturated calomel electrode (SCE) and platinumtrelde were used as reference and auxiliary elees;
respectively. The material used for constructing tlorking electrode was the same used for gravi
measuremats. The surface area exposed to the electroly@0B4 cr’. Potentiodynamic polarization curves w
plotted at a polarization scan rate of 0.5 mV/sioBeall experiments, the potential was stabiliaédree potentia
during 30 min. The polarisaticzurves are obtained fro—800 mV to —400 mV at 298 K. The solution testhiere
after deaerated by bubbling nitrogen. Gas bubbling is nadied prior and through the experiments. In orde
investigate the effects of temperature and immarsime onthe inhibitor performance, some test were carrigc
in a temperature range 298-328 K.

Solutions preparation

The aggressive solution (1M HCI) was prepared ytion of Analytical Grade 37 % H'with double-distilled
water. The organic compourtgstedwas 4,5-Diphenyl-1H-Imidazole-Zhiol. The concentration range of tl
compound was I9to 10° M. The studied organic compound was synthesizatkssribed elsewhe [14-15].

RESULTS AND DISCUSSION

Weight loss, corrosion rates and inhibition effiuig
The value of corrosion rate was calculated fromféflewing equatior[16]:

Veor =M -mp/ St 1)
where mis the mass of the C38eel coupon before immersion in (mg), the mass of thC38 steel coupon after
immersion in (mg), S is the total area of C38 steel coupon in (¢ t is the corrosion time in hours (h) and \

the corrosion rate in (mg ¢hi®). The calculated corrosion rateg,;) in equation (1) is aaverage corrosion rate.

From the corrosion rate, the percentage inhibitdficiency IE% and the degree of surface coverdgewere
calculated using equations (2) and (3), respegt[16]:

IE% = (Vcorro_ corr)/ VcorrOX 100 (2)
9 = (Vcorro_ corr)/ VcorrO (3)
where oo and V., are the corrosion rates of tC38 steel coupon in 1 M H@ the absence and presencDIT.

Values of the inhibition efficiency and corrosicate obtained from the weight loss measuremenC38 steel for
different concentrations of DIT ih M HCl at 298 K after 6 h of immersion arevgn in Table .
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This shows that the inhibition efficiency increasdth the increasing inhibitor concentration. Atstipurpose, one
observes that the optimum concentration of inhibiemuired to achieve the efficiency is found toIf¥ M. The
increase in the inhibition efficiency may be duethie adsorption oDIT to form an adherent film on the metal
surface and suggests that the coverage of the swtalce with this film decreases the double lag@mkness. The
augmentation in the inhibition efficiency valuesymze due to the gradual replacement of water médsdoy the
adsorption of theDIT molecules on the metal surface, decreasing thenextf dissolution reaction [17-19]. The
inhibition of corrosion of C38 steel bYIT can be explained in terms of adsorption on theahmirface. This
compound can be adsorbed on the metal surfaceebitiraction between lone pairs of electrons tbgen and
sulfur atoms of the inhibitor and the metal surfacevia interaction oDIT with already adsorbed sulfate ions [16,
20]. This process is facilitated by the presenceamfant orbitals of low energy in iron atom, asesksd in the
transition group metals.

Table 1. Effect of DIT concentration on corrosion dta of C38 steel in 1M HCI

Conc. Weorr IE

(Mol /L) (mg.cm®) (%)

Blank 1.2614 -
102 0.1106 91.23
10° 0.2694 78.64
10* 0.4122 67.32
10° 0.5282 58.12
10° 0.6795 46.13

On the other hand, the inhibitor efficiency dependsthe type and number of active sites at metdhse, the
charge density, the molecular size of the inhibitithe metal—inhibitor interaction, and the metakiomplex
formation. The adsorption isotherm can give infaioraon the metal—inhibitor interaction. The adgimmp isotherm
can be derived from the curve surface coveragenagaihibitor concentration. Surface coverage wsisrated as
Eq. 3. Thed values for different inhibitor concentrations affefent immersion times were tested by fitting to
various isotherms. By far the best fit was obtaiméth the Langmiur isotherm. According to this isetm is
related to concentration inhibitor C via

C 1
—~==—+C @)
0 K
with
1 AG°ags
= - 5
55,5eXp( RT ) ®)

where K is the adsorptive equilibrium constant ax@°,qsthe free energy of adsorption
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Figure 2. Plot of Langmuir adsorption isotherm of OT on the C38 steel surface at 298K.
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0
It was found that Fig. 2 (plot ofc—: versus C) gives straight lines with slope equahearly equal to 1.00 and the

calculated value oAG, . is -33.94 kJ/mol.

The negative value oAG,4s show that the adsorption ®IT is a spontaneous process under the experimental
conditions described [21hnd also the strong interaction between inhibitotetules and the metal surface [22].
The value 0fAG,gsis less than 40 kJ midlis commonly interpreted with the presence of ptalsadsorption by the
formation of an adsorptive film with an electrogtatharacter [23-24]. In the other, the calculat®é@.4s values in

the range 30-40 kJ/mol indicate, therefore, thatatsorption mechanism of tEHT on C38 steel in 1 M HCI
solution was both electrostatic-adsorption and dbermtion [25-26].DIT possess aromatic-electrons as well as
unshared electrons pairs on the nitrogen and sulgiouns, which can interact with d-orbitals of inanprovide a
protective film [19, 22].

Effect of temperature

To investigate the mechanism of inhibition and #&dculate the activation energies of the corrosioocess,
polarization measurements were taken at varioupeeaures in the absence and the presence of timabp
concentration of DIT. Corresponding data are givehable 2, figures 3 and 4.
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Figure 3. Potentiodynamic polarisation curves of C8 steel in 1M HCI at different temperatures

Table 2. The influence of temperature on the eleatichemical parameters and inhibition efficiency forC38 steel electrode immersed in 1
M HCI and at 10°M of DIT.

Temp. Ecorr l corr -be E
(K) (mV/SCE) (uAlcm?®) (mV/dec) (%)
298 612 124 149
308 544 177 132
Blank 519 545 280 133
328 537 435 140
298 532 09 221 92.74
o 308 553 10 154 0435
318 515 12 160 9571
328 526 15 163 96.55

Corresponding data are given in Table 2. In thelistltemperature range (298 - 328 K) the corrosioment
density increases with increasing temperature lothninhibited and inhibited solutions and the ealuwf the
inhibition efficiency of DIT increases with increag temperature. The corrosion current density 88 Gteel
increases more rapidly with temperature in the adxsef the inhibitor, these results confirm thafl Qicts as an
efficient inhibitor in the range of temperatureditd. The DIT inhibitor efficiency was temperatarependent.
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Figuren4. Effect of temperature on the cathodic ath anodic responses for C38 steel in 1 M HCI + M of DIT.

The activation parameters for the corrosion procgsse calculated from Arrhenius type plot accordiogthe
following equation:

N (1) = == +log A ©

and from transition state plot according to théofelng equation:

|Og|corr — _AHZ +

B 7
T RT )

where E is the apparent activation energy, A the pre-egptial factor, R the universal gas constarti, the
enthalpy of activation and T the absolute tempeeatu

The variations of logarithm of the corrosion rafeC88 steel (log 1) in hydrochloric acid containiag® M of DIT
and log (I/T) with reciprocal of the absolute tematdare are presented in Figs. 5 and 6, respectively

Straight lines with coefficients of correlation Jchigher to 0.99 are obtained. Thg &d AH, values were
determined from the slopes of these plots. Theutatied values of FandAH,in the absence and the presence of the
optimal concentration of DIT are given in Table 3.

Table 3. The value of activation parameterg,, 4H, and 4S, for C38 steel in 1M HCl in the absence and preseeof DIT

Inhibitor  E, (kd/mol)  AH,(kd/mol)  AS,(J/mol)  E, -AH, (KJ/mol)
Blank 37.22 34.63 -164.35 34.74
DIT 13.85 11.26 -189.02 11.37
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Figure 5. Arrhenius plots of C38 steel in 1 M HCI with and wthout 10> M of DIT.
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Figure 6 . log (Icorr/T) vs. 1/T for C38 steel dissolution inl M HCI in the absence and the presence of 10/ of DIT.

The positive sign of enthalpiesHl, ) reflect the endothermic nature of the steelddigsn.

Inspection of these data reveals that the appaivation energy En HCI solution in the absence of tBdT was
37.22 kJ / mol. The addition of DIT to the acidig@n decreases the activation energy. Note tlatetuction of
the activation energy in the presence of DIT maytigbuted to the chemisorption of the DIT inhilsion steel
surface [27, 28].

Moreover one remark that theH, values obtained from the slopes of plots log{T) vs f (1/T) and those
determined from the equation (8) are in good agesgm

AH,= E,— RT 8

CONCLUSION

In this study, the inhibition property of 4,5-Digyl-1H-Imidazole-2-Thiol DIT) was tested by using weight loss
measurements. According to the results-Diphenyl-1H-Imidazole-2-ThioD( T) is a good inhibitor in 1 M HCI.
The optimum concentration of the inhibitor is® for an a inhibition efficiency of> 92%. The protection
efficiency increased with increasing inhibitor centration, but decreased slightly with the ris¢emfiperature. The
calculated activation energy value indicated thddoabed inhibitor molecules create a physical andhemical
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barrier to charge, and mass transfer for metalolissn and hydrogen reduction reaction. Adsorptinthe
inhibitor molecule onto mild steel surface obeys tlangmuir isotherm.
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