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Abstract

The corrosion inhibition of mild steel in a 1.0 Mdrochloric acid solution by 2-(4,5-
diphenyl-4,5-dihydro-1h-imidazol-2-yl)-5-methoxypt@® (P1) has been studied in
relation to the concentration of the inhibitor, aell as to the temperature, using
chemical (weight loss) and electrochemical techesqll the employed methods were
in reasonable agreement. The protection efficiemoyreased with an increased
inhibitor's concentration. The obtained thermodyimadsorption parametera@ ads
AH"ags AS'ag9 indicated that this polymer retarded both catbaid anodic processes
through physical adsorption, and blocked the aatimeosion sites. It was also found
that this compound obeyed the Langmuir’'s adsorgsotherm.

Keywords: Corrosion and inhibition; imidazole; carbon stedélydrochloric acid;
adsorption isotherm; thermodynamic parameters.

Introduction

Carbon steel is among the most widely used engirtgeenaterials in various
areas such as metal-processing equipment, marmpleapons, nuclear and fossil
fuel power plants, transportation, chemical proicgsspipelines, mining and
construction. Iron and its alloys, as constructioaterials in industrial sectors,
have become a great challenge for corrosion engin@escientists nowadays
[1]. Acid solutions are commonly used for the remloof undesirable scale and
rust in metalworking, boilers cleaning and heathexgers. However, over-
pickling of metal leads to a rough and blisteredtocw. The formation of a
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protective film on the steel surface, and the ottar&ation of this metal surface
is the major subject of interest of this studyolder to reduce the corrosion rate
of metals, several techniques have been applied.uk of inhibitors is one of
the most practical methods for protection agair@trasion in acidic media.
Inhibitors, which reduce corrosion on metallic metis, can be divided into
three kinds: surfactant inhibitors [2], organic ilmtors [3] and inorganic
inhibitors [4]. Heterocyclic inhibitors have manylwantages, such as high
inhibition efficiency [5-8], low price, and easy ogiuction. The choice of
effective inhibitors was based on their mechanigraation and their electron-
donating capability. Moreover, organic molecules ba adsorbed on the metal
surface by one of the four following mechanism$: gllectrostatic interaction
between the charged surface of the metal and thegehof the inhibitor; (ii)
interaction of unshared electron pairs in the irtbibmolecule with the metal;
(iii) interaction of -electrons with the metal; and (iv) a combinatidnthee (i)
and (iii) types [9-11].

In the others, these compounds can form eitheroagtcoordination bond with
the metal atom or a passive film on the surfacg [[2e corrosion inhibition of a
metal may involve eithephysisorptionor chemisorptionof the inhibitor on the
metal surface. Electrostatic attraction betweenctierged hydrophilic group and
the charged active centers on the metal surfaas le@physisorption Several
authors showed that most inhibitors were adsorbedhe metal surface by
displacing water molecules from the surface andchiiog a compact barrier film
[13].

The aim of this work is to evaluate the corrosiohibition efficiency of 2-(4,5-
diphenyl-4,5-dihydro-1h-imidazol-2-yl)-5-methoxypiw (P1) for carbon steel
in a 1.0 M HCI solution using weight loss measuretse potentiodynamic
polarization and electrochemical impedance speubms The effect of
temperature on the corrosion behavior was alsaestud the range from 298+2
to 328+2 K. The adsorption thermodynamic parametarsh as adsorption heat,
AHy', entropy of adsorptionASs, and adsorption of free energgGa, were
calculated and discussed.

Experimental details

Weight loss measurements

The chemical composition of the used carbon si@lpse is shown in Table 1.
The specimen’s surface was prepared by polishingith emery paper at
different grit sizes (from 180 to 1200), rinsingthvidistilled water, degreasing
with ethanol, and drying it at hot air.

Table 1.Chemical composition of the used carbon steel.

Material Composition, % by wt.
C Si Mn Cr Mo Ni Al Cu Co V W Fe

Carbon steel 0.11 0.24 0.47 0.12 0.020.1 0.03 0.14 <0.0012<0.003 0.06 Balance
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The used carbon steel specimens have a rectarigutamwith 2.5 cm x 2.0 cm x
0.05 cm. The immersion time for weight loss was @tl298+2 K. After the
immersion period, the specimens were cleaned aicgptd ASTM G-81, and
reweighed to 10 g to determine the corrosion rate [14, 15]. Thgregsive
solution of 1.0 M HCI was prepared by dilution of 30 HCI analytical grade
with distilled water. The molecular formula of tagamined inhibitor is shown in
Fig. 1.

\ OCH;

N
HO
Figure 1. Chemical structure of 2-(4,5-diphenyl-4,5-dihydie-Hinidazol-2-yl)-5-
methoxyphenol.

However, weight loss allows us to calculate the me&arrosion rate, as
expressed in mg cih.
The inhibition efficiencyyw%, is determined as follows:

C()O

n.% :%wcorrx]_oo (1)
a

corr

where o%or and ocorr are the corrosion rates in the absence and pressnce
inhibitors, respectively.

Electrochemical measurements

For electrochemical measurements, the electrobadiswas a borosilicate glass
(PyreX?) cylinder closed by a cap with five apertures. €oé them were used
for the electrode insertions. The working electradgs pressure-fitted into a
polytetrafluoroethylene holder (PTFE), only exposihgcnt of area to the
solution. Platinum and saturated calomel were wmedounter and reference
electrodes (SCE), respectively. All potentials weneasured against the last
electrode.

The potentiodynamic polarization curves were reedrdoy automatically
changing the electrode potential from negative eslto positive values versus
Ecor, USing a Potentiostat/Galvanostat type PGZ 108,satan rate of 1.0 mV!s
after 30 min immersion time until reaching a steathte. The test solution was
thermostatically controlled at 298+2 K in air atrpbsre without bubbling. To
evaluate corrosion kinetic parameters, a fitting $tgrn-Geary equation was
used. To do so, the overall current density valyesere considered as the sum
of two contributions, anodic and cathodic currengnd t, respectively. For the
potential domain, not too far from the open cirqatential, it may be considered
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that both processes followed the Tafel law [16]ughit can be derived from
equation (2):

=i, 4,3 o fexpb XE E o)]-exib x(E-EL)] @

where ior is the corrosion current density (A @mand k and k are the Tafel
constants of anodic and cathodic reactions)(\fespectively. These constants
are linked to the Tafel slopds (V/dec) in a usual logarithmic scale given by
equation (3):

p="0= 20 3)

The corrosion parameters were then evaluated bysnehthe nonlinear least
square method, applying equation (2), using Orggifiware. However, for this
calculation, the applied potential range was liohite +0.100 V around d&, and
a significant systematic divergence was sometinbsgmwed for both anodic and
cathodic branches.
The corrosion inhibition efficiency is evaluatedorfr the corrosion current
densities values using the relationship (4):

P2 =i

Mep :wxmo (4)

corr

The surface coverage value8), (have been obtained from polarization curves
for various concentrations of inhibitor using tllldwing equation [17]:
0 - 1 — !COI’I’ (5)

0
I

corr

where i andi,are the corrosion current densities values wittamat with
inhibitor, respectively.

The electrochemical impedance spectroscopy measutsnwere carried out
using a transfer function analyzer (VoltaLab PGD)1@vith a small amplitude,
a.c., signal (10 mV rms), over a frequency domaimf 100 kHz to 100 mHz,
with five points per decade. The EIS diagrams weome in the Nyquist
representation. The results were then analyzeermst of an equivalent electrical
circuit using Bouckamp program [18].

The inhibiting efficiency derived from EISyeis, was calculated using the
following equation (6):

R _po
s =2 x100 ©
ct

whereR? and Rt are the charge transfer resistance values inlikenge and in

the presence of inhibitor, respectively.
In order to ensure reproducibility, all experimewesre three times repeated. The
evaluated inaccuracy did not exceed 10 %.
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Results and discussion

Weight loss measurements

The corrosion rate of carbon steel in 1.0 M HClthwand without different
concentrations of P1, was determined after 6 hhohersion at 298+2 K. This
choice of immersion time was based on literatu®.[The obtained results are
presented in Table 2. It has been observed thahlhigition efficiency increased
with the concentration of P1, reaching a maximurhG#tM of P1. This behavior
could be attributed to the increase in adsorptidntie inhibitor at the
metal/solution interface when its concentrationnisreased. So, an increase of
inhibitor's concentration beyond 20M resulted on a decrease in corrosion
protection. The participation of the phenyl ring,addition to that of the N atom
during the adsorption process, may be confirmedchgnging ther-electron
density on the phenyl ring, substituting the el@etdonating (-OH and -O-GH
group. Generally, the electron donating groupsease the inhibition efficiency
of the inhibitors.

Table 2. Corrosion rate and inhibition efficiency of carbsteel in 1.0 M HCI, with
different concentrations of P1 at 298+2 K after &f lmmersion.

Conc. (ppm)  @corr (Mg cmM? hY) Ho (%)

Inhibitor
Blank solution 00 42.12 -
O 10% 6.60 84.3
. 10° 5.52 86.9

N ocn; 104 4.90 88.4
O H 103 3.15 92.5

Potentiodynamic polarization curves

Potentiodynamic polarization curves of carbon steel.0 M HCI, without and
with different concentrations of P1 at 298+2 K, aieen in Fig. 2, and their
extrapolation parameters and inhibition efficiescage plotted in Table 3. It can
be seen that the P1 addition hindered the acidkatta carbon steel, and an
increase in its concentration gave a decrease adi@amand cathodic current
densities, indicating that this inhibitor actedaasiixed-type inhibitor. However,
the inhibitor addition does not change the hydrogerolution reaction
mechanism, such as indicated by the slight chamgése cathodic slopeg$d)
values. This indicated that the hydrogen evolui®mctivation controlled [20,
21]. It is also seen that the inhibition efficienogreased with the concentration,
reaching a maximum of 92.9 % at3M of P1, and exhibited both cathodic and
anodic inhibition through adsorption on the carlsteel surface, blocking active
sites [21]. So, a slight definite change on therazion potential (kr) was
observed. According to Riggs [22] and other authibithe displacement in E (i)
Is > 85 mV/ Eorr, the inhibitor can be seen as of the cathodicnoder type; (ii)

if the displacement in E is < 85 mV/kd the inhibitor can be seen as of the
mixed type. In our study, the maximum displacemsriess than 85 mV/ &,
which indicates that P1 is a mixed type inhibitdhe results obtained by
potentiodynamic polarization curves confirmed thaddained by weight loss
measurements.
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Figure 2. Potentiodynamic polarization curves for carbon Isteel.0 M HCI without
and with different concentrations of P1.

Table 3. Electrochemical parameters for carbon steel in M.OHCI at various
concentrations of P1 at 298+2 K.

Concentration Ecorr i corr Pa Bec nep 0
Blank solution 00 -498 983 -92 -104 - -
P1 10° -492 160 -96 -87 83.7 0.837
10° -479 137 -100 -82 86.0 0.860
104 -482 100 -106  -80 89.8 0.898
103 -458 70 -116  -79 92.9 0.929

Note: Concentration in M, & in mV (vs. SCE),brin pA/cm?,3, andfc are, respectively,
of the slope of anode and cathode polarizationelinvmV dec.

Electrochemical | mpedance Spectroscopy (E1YS)

The aim of this part was to confirm the obtainedutes by potentiodynamic
polarization curves and weight loss measuremenmgs. 3presents the Nyquist
plots of carbon steel in 1.0 M HCI, without and twdifferent concentrations of
P1 at the corrosion potential. It can be seen tthede plots were composed of
one capacitive loop in the absence and presenddf@fent concentrations of P1.
This behaviocan be attributed to the charge transfer of theosmn process. It
is also noted that the diameter of the semicimteeased with the inhibitor’s
concentration, indicating an increase in the caorosesistance of the material
[23]. However, itallowed employing a CPE element, in order to ingasé the
inhibitive film properties on the metallic surfacéhus, the impedance of the
CPEcan be described by the following equation:

Zeee=[QUiw)" ] 7)

where j is an imaginary number, Q is the frequendgpendent real constant,

= 2nf is the angular frequency (rad)sf is the frequency of the applied signal,
n is the CPE exponent for whole number of n = :10and CPE is reduced to
the classical lump element-capacitor (C), resigai®) and inductance (L) [24].

The use of these parameters, similar to the congihase element (CPE),

allowed the depressed feature of Nyquist plot todaglily reproduced.
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In addition, the effective calculated double lagapacitance (C) was derived
from the CPE parameters, according to the follovaggation [25]:

1 -n)

C=Q"xR " (8)

The most important data obtained from the equivad@rcuit are presented in
Table 4. 1t may be remarked tHay; values increased whilgq values decreased
with inhibitor's concentrations, indicating that reoinhibitor molecules are
adsorbed on the metallic surface, and provide beiieface coverage and/or
enhance the thickness of the protective layer etntletal/solution interface [26,
27]. In addition, these changes ir: Bnd Gi can be attributed to the gradual
displacement of water molecules and/or chlorides ion the carbon steel surface
[28], leading to a protective solid film, and thena decrease in the extent of
dissolution reaction [29, 30]. On its turn, the w&se of G with concentrations
can be explained by a decrease in the local dredeminstant and/or an increase
in the protective layer thickness on the electredeface. This trend is in
accordance with Helmholtz model, given by the fwilog equation [31]:

Cdlzgoexgxs 9)

wheree is the dielectric constant of the protective layeris the permittivity of
free space (8.854 x1® F cm?) and S is the effective surface area of the
electrode.

However, the inhibition efficiencies obtained fragtectrochemical impedance
measurements increase with concentration, and shewsame trend as those
obtained from potentiodynamic polarization and gretric measurements.

45 250
Témain (1.0 M HCI)

L]
. 10°M
i 200 b o 10°M
35 A 10M
& 10°M

150 |

-Z (Qcm’)
IS

O ] .
£ 100 |- .

z
L ]
[
9
3

B
C
.

10 . . 50 F v %
2

AL U~ | T R |

0 S 10 15 20 25 30 3B 40 45 0 50 100 120 200 250 300 350 400 450

Z (@cm’) Z (@cm’)
Figure 3. Nyquist plots for carbon steel in 1.0 M HCI soluticn the absence and
presence of various concentrations of Pl.at @=298+2 K).

However, the results can be interpreted using tjugvalent circuit presented in
Fig. 4, which was previously used to model the /fmord interface [32]. Various
parameters such as charge-transfer resistanrgedBuble layer capacitance«C
and degree of heterogeneitysnobtained from impedance measurements are
shown in Table 4.
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Table 4. Electrochemical impedance parameters and inhibigfficiency for carbon
steel in a 1.0 M HCI solution without and with @ifént concentrations of P1 at 298+2
K.

Conc. of P1 (M) Rt (Qcnm?)  Cu(UF cm?) neis (%)

00 35 298 -

108 205 70 82.9

10° 235 62 85.0

104 318 55 89.0

10° 404 50 91.3
Cat, Nt

A

Figure 4. Equivalent circuit used to model impedance data ihO M HCI solution in
the presence of different concentrations of P1.

It is obvious from the results that P1 inhibite@ garbon steel corrosion in a 1.0
M HCI solution at its different concentrations, danes (%) was seen to
continuously increase with the arise in concerdmtireaching a maximum of
91.3 % at 18 M. The inhibition efficiencies, calculated from fEaimpedance
results, showed the same trend as those obtaimed ES, polarization and
weight loss measurements (Table 5).

Table 5. Inhibition efficiency values obtained from weigloisk, Tafel polarization and
AC impedance measurements of carbon steel in 1HQ\) at different concentrations
of P1 at 298+2 K.

P1 Concentration Inhibition efficiency n (%)
(M) Weight loss Tafel polarization AC impedance
10° 84.3 83.7 82.9
10° 86.9 86.0 85.0
104 88.4 89.8 89.0
103 92.5 92.9 91.3

Effect of temperature

Temperature can modify the interaction betweenctimbon steel electrode and
the acidic media without and with P1. Thus, theepbbdynamic polarization
curves for carbon steel in 1.0 M HCI, in the abseand presence of 2M of
P1, in the temperature range of 298+2 to 328+2rK,shhown in Figs. 5 and 6,
respectively. It is remarked that these curvesletdd the Tafel regions. It is also
noted that the anodic and cathodic branches inedeagth an increase in
temperature.

The various electrochemical parameters were cdaeailifom Tafel plots, and
summarized in Table 6.

It can be seen that theoi increased with an increased temperature, both in
uninhibited and inhibited solutions, and the valaéshe inhibition efficiency of
P1 decreased with higher temperatures. Thus, thleition efficiencies of P1 are
temperature-dependent.
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Figure 5. Potentiodynamic polarization curves for carbon Isieel.0 M HCI, in the
absence of P1 at different temperatures.
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Figure 6. Potentiodynamic polarization curves for carbon Isteel.0 M HCI, in the
presence of 1OM of P1 at different temperatures.

Table 6. Electrochemical parameters of carbon steel in 1L.A®A, without and with
103 M P1 at different temperatures.

Temp (K) Borr icorr ,Bc Mpp
Blank solution 298+2 -498 983 -92 -
308+2 -491 1600 -178 -
318+2 -475 2420 -165 -
328+2 -465 3100 -151 -
10° M of P1 298+2 -458 70 -116 92.9
308+2 -480 100 -103 91.7
318+2 -477 140 -100 90.3
328+2 -498 230 -125 89.5

Note: Temperatures in K, & in mV (vs. SCE), dorin pA/cm?, 32 and 3¢ are,
respectively, the slope of anode and cathode pal#on curves, in mV dec.

331



M. Rbaa et al. / Port. Electrochim. Acta 35 (20328-338

Adsorption isotherm and thermodynamic parameters

The adsorptive behavior of a corrosion inhibitoamsimportant part of its study.
The adsorption of inhibitors is governed by theichesl charge on the metal
surface, and by the inhibitor's nature and chemstialcture. Two main types of
adsorption of an organic inhibitor on a metal scefare physical or electrostatic
adsorption and chemisorption. Chemisorption inveltiee share or transfer of
charge from the molecules to the surface, to forrooardinate type bound.
Electron transfer is typical of transition metalsatt have vacant low-energy
electron orbital. As for inhibitors, electron tréers can be expected with
compounds that have relatively loosely bound ebestr The most frequently
used isotherms are Langmuir isotherm, Freundliocbthesm and Temkin

isotherm [33, 34]. All these isotherms are of teagral form:

e, x) x e~ 2ef = E_.=xC, (10)

wheref (0,x) is the configurational factor that depends upwn physical model
and the assumptions underlying the derivation efifothermp is the surface
coverage, fn is the inhibitor’s concentration in the bulk s@uat o is the
molecular interaction andasis the adsorption constant.

Table 7 shows the most commonly used isothermstiatying the adsorption
mechanism of an inhibitor on a metal electrodeai@f{35—-43]. The meaning of
the parameters in the table is as follows:

Table 7.Used adsorption isotherms.

Author Isotherm Eqn. Ref.
Langmuir . ] (11) [35]
ke=1—>
Frumkin ) g i § (12) [36]
ke = 1 —6 exp(—f8&)
Hill-de Boer e = & e [ & )ETP (—f&) (13)  [37,38]
1—8 1 b g . i
Parsons ke — ﬁ exp L:lh_ 5}2] (—F6) (14) [39]
Damaskin-Parsons ke = t _ exp(—£8) (15) [40]
(1—a)*
Kastening-Holleck 1 8 / gyt (18 [41]
ko = m [l -6+ ;) expl(—fF&)
Flory-Huggins e = — & (17) [41]
x(1—6)%
Dhar-Flory-Huggins e = ¢ (18) [41]
' (1 —8)%exp(y — 1)
Bockris-Swinkels 1 8 [6 + x(1—6)]x 1 (19) [42]
“Ta-er” x*
El-Awady-Abd-El-Nabey-Aziz (k) = [ i :I (20) [43]
~\1-+¢
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It is noted that the inhibitor was adsorbed on rtiegallic surface, according to
the Langmuir isotherm model (Fig.. Mhe experimental data gave a good curve
fitting for the applied adsorption isotherms as tloerelation coefficients (R=
0.999). As the adsorption isotherm in 1.0 M HCbighe Langmuir-type, with a
slope of almost unity, there is a monolayer ofittiebitor species without lateral
interaction between the adsorbed species. So, dker@tion constant, &s Is
related to the free energy of adsorptidiG adss by the following equation (14)
[45]:
— 1 _ AG';ds
Kads - ﬁexp( ?)
where 55.55 value represents the water concentratia solution by mol &, R

is the universal gas constant and T is the abstdutperature.

(21)

1,2x10°

® 10°M OrC-n

. Red line Fitting curves
1,0x10™
{ ¥Y=15405110%+ 1.07511 X
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C,/o (M)

Figure 7. Plot of the Langmuir adsorption isotherm of Pltloa carbon steel surface at
298+2 K.

The Langmuir isotherm model is, in many cases,siogle. It can be inferred
that the process under study is spontaneous, atdhé inhibitor is physically
adsorbed onto the metal surface. This isotherm nassuthat the adsorbed
molecule only occupies one site and that thereaisinteraction with other
adsorbed molecules. The relation between the afiisorponstant(Kas9 and
adsorption free energ\Gq9 is known as:

Hﬂds = E_ﬂGD;RT (22)
where R is the universal gas constant and T isatieolute temperature. The

value for the Gibbs energy of adsorptiadvG’gs, can be calculated, and for P1,
AGP%qs -37.6 kJ mot is found.

Corrosion kinetic parameters

The data above presented in Tablerevealed that P1 took its inhibition
efficiency at all temperatures range. This behawaonfirmed the higher
adsorption equilibrium constant, a4 values, indicating physisorption and
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chemisorptiorof P1 at the carbon steel surface. This resulbleas explained by
some authors as a likely specific interaction betwdne iron surface and the
inhibitor. So, Ivanov [44] explained this increasdemperature by the change in
the nature of the adsorption mode; the inhibitobetng physically adsorbed at
lower temperatures, while this physisorption isdied by an increase in
temperature. The same phenomenon was explainedti®r authors as an
increase in the surface coverage by the inhibd&].[Thus, at a high surface,
coverage values, and the diffusion through theaserflayer containing the
inhibitor and corrosion products became the raterdening step of the metal
dissolution process [46]. Therefore, the inhibitiproperties of P1 can be
explained by the kinetic model. The dependencénefcorrosion valuecdr, on
the temperature can be regarded as an Arrheniegsprgress given by equation
(13) [48]:

) E
Ini__=In A——2
corr RT (23)

where E is the apparent activation energy of the corrogoocess, R is the
universal gas constant, A is the Arrhenius pre-agptial constant and T is the
absolute temperature.

In order to assure that the achieved surface cgeenas close to the maximal
value, the concentration which gives the best itihdp efficiency was chosen.
The Arrhenius plots for carbon steel in 1.0 M H@ithout and with 1§ M of P1
according to equation (13), were presented in&ig.

8,0

e 10°MOrc-n

75 ©  Blank solution (1.0 M HCI)

~——

45

4’0-""I'"'I""I""I""I"IIIII L
3,00 3,05 3,10 3,15 3,20 3,25 3,30 3,35 3,40

1000/T (K"

Figure 8. Arrhenius plots of carbon steel in 1.0 M HG}) ithout and ¢) with 103 M
of P1.

These obtained plots are straight lines, and thpesbf each straight line gives
the activation energy valuea.Ht is noted that the increase on the corrosida ra
iIs more pronounced with the rise of temperaturettierfree solution. So, in the
presence of P1, the corrosion rate is slightlyaased at explored temperatures.
The E values were found to be equal to 21.0 kJhand 31.7 KJ mal, in the
absence and presence o1 of P1, respectively (Table 8).
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Table 8. Values of activation parameters, BHa andASy, for carbon steel in 1.0 M
HCI in the absence and presence of Mof P1.

Compounds E(kJmol!)  AHa (kJ mol?) AS:" (J mol?t K9
Blank solution 21.0 18.5 -126.0
10° M of P1 31.7 29.0 -112.5

The decrease in the inhibitor’s efficiency with ianreasing temperature, which
referred to a higher value ofsEwhen compared to the free solution, was
interpreted as an indication of the electrostatraracter of the inhibitor's
adsorption. So, the investigated inhibitor sigmifidy energetically blocked
some of the active sites on the metal surface,ninniomogeneous way. In
general, the inhibitor adsorbed at the most adites of the surface with lowest
Ea, thus isolating them. Other active sites of highgake part in the other stages
of the corrosion process.

In addition, this change inaBvith P1 addition can be attributed to the chamge i
the corrosion process mechanism, in the presenceadsbrbed inhibitor
molecules [48].

Other kinetic data are accessible using the altemaformulation of the
Arrhenius equation, which is (24) [50]:

H 0 O
lnlcorr :(|n(£)+ASa)_AHa (24)
T Nh R RT

where h is Plank’s constant, N is Avogadro’s numias.* is the entropy of
activation and\Hz* is the enthalpy of activation.

20

e 10°M OrC-n
< Blank solution (1.0 M HCI)

Ln (i /T) (mA/em’K)
7

300 305 310 315 320 325 330 335 340
1000/T (K

Figure 9. Transition-state plots for carbon steel in 1.0 I@IHa) without and (b) with

10° M of P1.

Plots of Ln (ior/T) versus the reciprocal of temperature (1/T) afoon steel in
1.0 M HCI, without and with 1®M of P1, are presented in Fig. 9. Straight lines
are obtained with a slope ofA(ds* /R) and an intercept of (INR/Nh AS,/R).
The values ofAH." and AS:" were calculated and are listed in Table 8. The
positive sign of the enthalpiedHa, improved the endothermic nature of the
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carbon steel dissolution process, whereas largativegvalues of entropies,
ASy, implied that the activated complex in the rate deiring step represents
an association rather than a dissociation step,nimgathat a decrease in
disordering takes place on going from reactantkeactivated complex [48-52].

Conclusions

Concluding the experimental part, it was clearlyndestrated that all used

techniques are able to characterize and followcthreosion inhibition process

promoted by 2-(4,5-diphenyl-4,5-dihydro-1h-imida2eyl)-5-methoxyphenol

(P1). The following conclusions can be drawn:

1. The corrosion rate of carbon steel decreaseld art increased inhibitor’s
concentration, reaching a minimum at®1\.

2. 2-(4,5-diphenyl-4,5-dihydro-1h-imidazol-2-yl)-5-nieixyphenol (P1)
exhibited good inhibition properties for carbonetteorrosion in a 1.0 M HCI
solution, and increased with an increased condsmraf inhibitor.

3. The obtained results showed that P1 acted ageftype inhibitor of carbon
steel corrosion in 1.0 M HCI.

4. EIS measurement results indicated that the teewis of the carbon steel
electrode increased with the inhibitor’s conceitrat reaching a maximum at
103 M of P1.

5. The inhibition efficiency of P1 can be stabitizey the participation of the two
adsorption modes, physisorption and chemisorption.

6. Thermodynamic adsorption parametevsl{, AS: andAG,") showed that the
studied inhibitor was adsorbed on the carbon siedhce by an endothermic
and spontaneous process.

7. Reasonably good agreement was observed betweeabtained data from
weight loss, potentiodynamic polarization curvesd aelectrochemical
impedance spectroscopy techniques.
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