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ABSTRACT

In this study, the inhibition effect of 6-phenyipgazin-3(2H)-one (GP0) on mild steel corrosion i HCI

solution was studied. For this aim, electrochemieghniques such as potentiodynamic polarizatiowes; weight
loss (WL) and electrochemical impedance spectros¢&pS) were used. It was shown that, the GPO these
remarkable inhibition efficiency on the corrosiohroild steel in 1.0M HCI solution. Polarization nsemements
indicated that, the studied inhibitor acts as mixgpe corrosion inhibitor with predominantly conitrof cathodic
reaction. The inhibition efficiency depends ondhacentration of inhibitor and reaches 82.7% ati\ GPO. The
remarkable inhibition efficiency of GPO was dis@dssn terms of blocking of electrode surface byogpison of

inhibitor molecules through active centers. The aagon of GPO molecules on the mild steel surfabteys
Langmuir adsorption isotherm.
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INTRODUCTION

Acid solutions are generally used for removal oflesirable scale and rust on the metals, cleanirmpibérs and
heat exchangers, oil-well acidizing in oil recoveand so on. [1-3]. HCI solution is one of the magdely used
agents for these goals. However, iron and its alloyuld be corroded during these applications whésult in a
waste of resources. Corrosion prevention systents the use of chemicals with low or no environnag¢ithpacts.
The reduction in the corrosion rate of metals hamerous advantages such as saving of resourcespram
benefits during the industrial applications, in@ieg the lifetime of equipment and decreasing tissadution of
toxic metals from the components into the environm@&herefore, the prevention of metals againstasion is
vital and must be dealt with.

The existing data show that organic inhibitorstactadsorption and a film formation on the surfatenetals. The
adsorption of organic inhibitors on the metal scefaan change the corrosion resistance propeftieetals. Earlier
studies have shown that organic compounds beaetgrdatoms with high electron density such as phoss,
sulfur, nitrogen, oxygen or those containing mudtijponds, which are considered as adsorption censee
effective inhibitors for the corrosion of metals34]. The organic inhibitors are generally adsorbedthe metal
surface through physical adsorption or chemicabgaton, which reduce the reaction area susceptibrrosive
attack [32,33].
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The aim of this study is to investigate inhibitiefiect of 6-phenylpyridazin-3(2H)-one (GPBPO on the mild steel
corrosion in 1.0 M HCI solution. For this purpopetentiodynamic polarization, WL and EIS techniquese used.
The chemical structure of the studied GPO derieawiven in Fig 1.

Figure 1. The chemical structure of the studied pyridazine derivative compound
EXPERIMENTAL SECTION

Materials
The steel used in this study is a mild steel (M&hw& chemical composition (in wt%) of 0.21 % C3®% Si, 0.05
% Mn, 0.05 % S, 0.09 % P, 0.01 % Al and the remaimebn (Fe).

Solutions

The aggressive solutions of 1.0 M HCI were prepdmedilution of analytical grade 37% HCI with dikd water.
The organic compound tested is 6-phenylpyridaz2H3{one (GPO0). The concentration range of this coumpl
was 10° to 10° M.

Weight loss measurements

The mild steel (MS) sheets of 1 x 1 x 0.05ware abraded with a series of emery papers SiC, @2Dand 1200)
and then washed with distilled water and acetoriter Aveighing accurately, the specimens were imeteis an 80
mL beaker containing 50 mL

1.0 M HCI solution with and without addition of téfent concentrations of GPO. All the aggressivd aolutions
were open to air. After 6 h the specimens werertakg, washed, dried, and weighed accurately. teoto get
good reproducibility experiments were carried outriplicate. The average weight loss of three jar®MS sheets
was obtained. The tests were repeated at 308 K.cohesion ratev) and the inhibition efficiencyn(y ) were
calculated by the following equations [34]:

= VS_Vt %x100 1)
n,. (%) = Yo 7Y %100 @)

0

where W is the three-experiment average weightdbsise mild steel, S is the total surface arethefspecimen, t is
the immersion time and, andv are values of the corrosion rate without and vathdition of the inhibitor,
respectively.

Polarization measurements

Electrochemical impedance spectr oscopy

The electrochemical measurements were carried $iag \/olta lab (Tacussel- Radiometer PGZ 100) paistate
and controlled by Tacussel corrosion analysis sofwmodel (Voltamaster 4) at under static conditibhe
corrosion cell used had three electrodes. The enfer electrode was a saturated calomel electro@&)(SA
platinum electrode was used as auxiliary electrfdgurface area of 1 dmThe working electrode was mild steel.
All potentials given in this study were referredthis reference electrode. The working electrods imamersed in
test solution for 30 minutes to a establish stestdye open circuit potentiaEgcp). After measuring thEocp, the
electrochemical measurements were performed. Adtedchemical tests have been performed in aesatiedions
at 308 K. The EIS experiments were conducted irfrdgguency range with high limit of 100 kHz andfeient low
limit
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0.1 Hz at open circuit potential, with 10 points decade, at the rest potential, after 30 min af aomersion, by
applying 10 mV ac voltage peak-to-peak. Nyquistploere made from these experiments. The best selmican

be fit through the data points in the Nyquist plsing a non-linear least square fit so as to dieeibtersections
with thex-axis.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valissguthe
following equation [35]:

,72% - Rct(inh) - Rt %100 3)

t(inh)
whereR andRy ijnnywere the values of polarization resistance in the=ace and presence of inhibitor, respectively.

Potentiodynamic polarization

The electrochemical behaviour of mild steel saniplanhibited and uninhibited solution was studigdrbcording
anodic and cathodic potentiodynamic polarizatiorves. Measurements were performed in the 1.0 M $d(ltion
containing different concentrations of the testelibitor by changing the electrode potential auttcadly from -
800 to 200 mV versus corrosion potential at a seae of 1 mV 8. The linear Tafel segments of anodic and
cathodic curves were extrapolated to corrosion ni@leto obtain corrosion current densitidg,f). From the
polarization curves obtained, the corrosion cur(ggt) was calculated by curve fitting using the equatio

_ (2.3&] {Z.SXEJ
| =1_.|exp 7 - ex T (4)

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

7%= e L 100 ©)

corr

where,|” and|' are the corrosion current density in absence aesepce of inhibitor, respectively.

' " corr corr

RESULTSAND DISCUSSION

Weight loss measurements

The weight loss of mild steel specimens after eMpo$o 1.0 M HCI solution with and without additiof various

concentrations of GP0O was calculated and the datained were given in Table 1. It is clear from [Eab that, the
addition of inhibitor to the aggressive solutioduees dissolution rate of mild steel efficienthheTweight loss was
reduced with increasing pyridazine derivative conicion indicates that the inhibitor molecules lagtadsorption
on the metal surface.

Table 1. Corrosion parametersfor mild steel in aqueous solution of 1.0 M HCI in the absence and presence of different concentrations of
inhibitor from weight loss measur ements at 308K

e Conc v nwL
Inhibitor (M) (mglcrih) (%)
HCI 1.0 1.142

1x10° 0.197 82.7 0.827
5x10° 0.200 824 0.824
GPO 1x1d 0.345 69.8 0.698
5x10° 0.438 615 0.615
1x10° 0.525 54.0 0.540
1x10° 0.696 38.9 0.389

Electrchemical | mpedance Spectroscopy (EIS)

Electrochemical impedance spectroscopy (EIS) igféective method for corrosion studies of metaitiaterials.
The effect of GPO concentration on the impedaneetsp of mild steel in 1.0 M HCI solutions at 308Krecorded
in Fig. 2 (Nyquist plots). It is clear to see thhé impedance spectra are significantly changet addition of
different GPO concentration. From the Nyquist plitsvas also observed that, even the presencePéf dbes not
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alter the style of impedance plots, thus indicatihg addition of GPO does not change the mechafisnthe
dissolution of mild steel in 1.0 M HCI solution [3F].

The impedance diagrams show only one capacitive lmpresented by slightly depressed semicircle hwhic
indicates that the corrosion of mild steel in 1.0H@I solution is mainly controlled by charge traarsprocess and
formation of a protective layer on the mild steeiface. The diameter of the capacitive loop incesasith the
increase of GPO concentration proposing that thendd inhibitive film was strengthened by the adufitof GPO
[38]. The depressed semicircles are generallybated to the frequency dispersion as well as roegfirand
inhomogeneities of solid surface, and mass trangpaocess [39], distribution of the active sitedsarption of
inhibitors [40,41].
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Figure 2. Nyquist diagramsfor mild steel in 1.0 M HCI containing different concentrations of GPO at 308K
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Figure 3. The electrochemical equivalent circuit used to fit the impedance measur ements

Therefore, a constant phase elem@RE is used to replace a capacitive element to acquimore accurate fit of
experimental data. Fig. 3 displays the equivalémui, which consists of a solution resistariRge the constant
phase elemenfPE and the charge transfer resistafge The impedance dZPEis described as the mathematical

expression given below [42]

1
ZCPE = 70 X (5)

(Jao)’
WhereY, is the magnitude of théPE, j is the imaginary unitp is the angular frequency ands the phase shift.

The fitted impedance parameters derived from Nyglisgrams and inhibition efficiency are listedTiable 2. Data

in Table 2 shows that additional GPO inhibits tlberasion of mild steel in 1.0 M HCI solution. Bycireasing the
inhibitor concentratiorR.; values and inhibition efficiency increase. Ther@ase in the charge transfer resistance
values with increasing inhibitor concentration seglg the formation of a protective layer on thedrateel electrode
surface. This protective layer behaves as a higréor mass and charge transfer [43].
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The inhibitive efficiencies calculated from EIS u#is show the same trend as those obtained fromghtvddss
measurements.

Table 2. Corrosion parameter s obtained by impedance measurementsfor mild steel in 1.0 M HCI at various concentrations of GPO

Inhibitor Conc Rs Rt fmax Cal Nz
M) (Qcnd) (Qcnd) (Hz) (uFfemd) (%)

HCI 1.0 1.68 33.23 50.00 95.8  -----
10° 1.30 169.84 17.86 525 80.4
10* 0.92 108.23 22.32 659 69.3
10° 0.78 074.65 28.09 759 555
10°¢ 120 054.09 31.65 93.0 38.6

GPO

Potentiodynamic polarization

Figure 4 illustrates the polarization curves of dndteel in 1.0 M HCI solution without and with \aus
concentrations of GP0O at 308 K. The presence of &#ts both anodic and cathodic branches to thelosalues
of corrosion current densities and thus causesnani@ble decrease in the corrosion rate. The paeasnderived
from the polarization curves in Figure 4 are giweable 3. In 1.0 M HCI solution, the presenceG#H0 causes a
remarkable decrease in the corrosion rate i.eftsddth anodic and cathodic curves to lower curdamsities. In
other words, both cathodic and anodic reactionmitd steel electrode are retarded by GPO in hydooithacid
solution. The Tafel slopes @ at 308 K do not change remarkably upon additio®BD, which indicates that the
presence of GPO does not change the mechanism drbdgn evolution and the metal dissolution process.
Generally, an inhibitor can be classified as caithod anodic type if the shift of corrosion potextin the presence
of the inhibitor is more than 85 mV with respectthat in the absence of the inhibitor [44,45].1e thresence of
GPO, E, shifts to less negative but this shift is very Bnf@bout 10-30 mV), which indicates that GP0 can b
arranged as a mixed-type inhibitor, with predomtraathodic effectiveness.
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Figure 4. Potentiodynamic polarization curvesfor the corrosion of mild steel in 1.0 M HCI solution without and with various
concentrations of GPO at 308 K
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Table 3. Effect of concentration of GPO on the electrochemical parameter s calculated using potentiodynamic polarization technique for
the corrosion of mild steel in 1.0 M HCI at 308 K

o Conc  -Ecor 'ﬂc lcorr NTafel
Inhibitor "™ (mvISCE) (mVidec) (WAlm?) (%)
HCI 10 4552 1273 8157

10°  469.8 118.7 1598 80.4
10° 4378 132.0 2504 682
GPO 10 4242 123.1 3696 547
10° 4453 116.8 4950 393

Adsor ption considerations

The mechanism of corrosion inhibition may be illagtd on the basis of adsorption isotherm. In otd@btain the
adsorption isotherm, the degree of surface covef@gef GPO must be calculated. In this study, therelegf
surface coverage value) for various concentrations of GPO in 1.0 M HClusion have been obtained from Table
1. Attempts were made to fit the data to differisotherms, including Langmuir, Bockris-Swinklesnilén, Flory-
Huggins and Frumkin. Among the isotherms, the bisis the Langmuir isotherm. According to Langmuir
adsorption isotherm, the relation of inhibitor centration(C) and surface covera@g i6é described by equation (6)

-1 .c 6)
K

Where Cis the inhibitor concentration (mol™), 6 is the surface coverage,.Kis the adsorption equilibrium
constant (L mot). Kusis related to the Gibbs free energy of adsorptid@ . (kJ mol®) as [47]:

ads

1 -AG,
K. = ex ads 7
ads C p( RT j ( )

solvent

where R(8.314 J mot K™) is the molar gas constant, (K) is the absolute temperature, ang,fe is the
concentration of the solvent, which in this caseaser (Gi20= 55.5 mol I;l).
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Figure5. Langmuir adsor ption isotherm for mild steel in 1.0 M HCI containing different concentrations of GPO at 308 K

Fig.5 shows the linear plots of @Cyersus C were obtained at 308 K indicating thatd@bdsorption of GPO obeyed
Langmuir isotherm. The various adsorption paransetétained by fitting method from this isotherm gieen in
Table 4. It is seen from the Table 4 that the datien coefficient (r = 0.99984) demonstrates tddorption of GPO
on mild steel follows this isotherm and supposes the adsorbed molecules occupy only one sitetlear@ are no
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interactions with other adsorbed species [48]. Aditmy to Eq. (6), Kqscan be calculated from intercept of the plot
of C# vs. C. With the above equation (a,Go can be calculated fromgland listed in Table 4 [48-50].

ads

The average value of J& is 80546.4 L mot, which reflects the high adsorption ability of GBO the mild steel
surface. Namely, the adsorption process is morerédole than the desorption [51,52]. TﬂfG;dS is negative and

high (-39.2 kJ met) indicates the strong interactions between thiitdr molecules and the metal surface [53-56].
Generally, the standard free energy of adsorptadues of -20 kJ mdior less negative are associated with physical
adsorption; those of -40 kJ nfobr more negative involves charge sharing or temisétween inhibitor molecules
and metals (chemical adsorption) [57-60]. Howeteg, adsorption of organic molecules on metal sedazannot
be considered as purely physical or chemical phemmm. In addition to the chemical adsorption, iitbib

molecules can also be adsorbed on metal surfacphyisical interactions. In this study, thﬁeG;ds is modestly

closer to -40 kJ mdl Therefore, it is concluded that chemical intémat should be dominant for the adsorption of
the GPO molecules on the mild steel surface [61-63]

Table 4. Some parameter s from Langmuir model for mild steel in 1.0 M HCI at 308K

Inhibitor ~ Slope  Kags(M™) r AG., . (kiimol)
GPO 115 8059641 0.99984 3921
CONCLUSION

The corrosion inhibition of mild steel in 1.0 M H@blution by GP0 was studied using common electoibal
techniques and weight loss. According to experieindings, it could be concluded that:

1. GPO is a good corrosion inhibitor for the mitded protection in 1.0 M HCI solution. The inhiliyoefficiency of
this compound depends on its concentration.

2. GPO acts by reducing the rates of both anodiccathodic reactions.

3. AC impedance results were interpreted usingcaivalent circuit in which a constant phase elen{@RE) was
used in place of a double layer capacitangg (€order to give more accurate fit to the expenal results.

4. The high inhibition efficiency of the inhibitawas explained by adsorption of the GPO moleculeshensteel
surface and a protective film formation.

5. The adsorption of GPO on the steel surface ftddinM HCI solution follows Langmuir adsorption iketm. The
thermodynamic parameters suggest that this inmiksitstrongly adsorbed on the mild steel surface.
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