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Abstract: The corrosion inhibition of carbon-steel in 1 M HCI by some (2)-N'-(1-phenylethylidene) benzohydrazide
derivatives (PEBH) has been investigated using weight loss method, potentiodynamic polarization, electrochemical
impedance spectroscopy (EIS) and electrochemical frequency modulation (EFM) techniques. Results obtained showed
that these investigated compounds are good inhibitors and their inhibition efficiencies increase with increasing inhibitor
concentration and decrease with increase in temperature. Moreover, polarization studies clearly revealed that the
presence of inhibitors changes the mechanism of hydrogen evolution and the metal dissolution i.e. they act as mixed
type inhibitors. EIS study showed that charge transfer resistance increases with the increase of inhibitor concentration
but the capacitance of double layer decreases. The adsorption of investigated compounds obeys Langmuir’s adsorption
isotherm. The activation parameters were determined and discussed. The mechanism of adsorption had been explained
on the basis of chemical structure of the investigated inhibitors. It was found that there is a good agreement between the
different tested techniques.
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I. INTRODUCTION

Carbon steel is an alloy of iron it is widely used in petrochemical, chemical and metallurgical industries. It is also used
as a construction material owing to its excellent mechanical properties and cost effectiveness. However, it is easily
undergoes corrosion in various environmental conditions. Acid solutions are widely used in industry, the most
important fields of application being acid pickling, industrial acid cleaning, acid descaling and oil well acidising,
because of the general aggressiveness of acid solutions, the practice of inhibition is commonly used to reduce the
corrosive attack on metallic materials. Inhibitors are generally used for this purpose to control the metal dissolution.
Most of the well-known inhibitors are organic compounds containing nitrogen, sulphur and /or oxygen atoms. It has
been observed that the most of the organic inhibitors act by adsorption on the metal surfaces [1]. The adsorption of
corrosion inhibitor depends mainly on physico-chemical properties of the molecules such as functional group, steric
factor, molecular size, molecular weight, molecular structure, aromaticity, electron density at the donor atoms and -
orbital character of donating electrons [2-6], and also, on the electronic structure of molecules [7-10]

The aim of the present work is to study the inhibitive action of some new (Z)-N'-(1-phenylethylidene) benzohydrazide
derivatives (PEBH) towards the corrosion of C-steel in 1 M hydrochloric acid solution using chemical and
electrochemical techniques. Moreover, the effect of temperature on the dissolution of carbon steel, as well as, on the
inhibition efficiency of the studied compounds was also investigated and discussed.

1. EXPERIMENTAL

2.1. Materials and reagents

Carbon steel strips (BDH grade) containing (weight %): 0.2 C, 0.024 P, 0.003 Si, 0.35 Mn, and rest Fe were used in this
investigation. All chemicals used were of AR grade. Specimens of C-steel strips were abraded successively by emery
papers of different grades, i.e. 320, 400,600, 800 and 1000 finally polished with a 4/0 emery paper to obtain mirror like
finish, then degreased ultrasonically with ethyl alcohol and rinsed with bidistilled water several times and dried
between two fitter papers. AR grade hydrochloric acid (37 %) was used for preparing the corrosive solutions.
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Appropriate concentration of aggressive solutions used (1 M HCI) was prepared using bidistilled water.
The structures of the investigated compounds are shown below [11]:

Chemical
Compounds Structures Names for:EIL:: sjlgr:d
weights
(e}
N CHs,
N/\ (2)-2-chl (1-(2-hyd henyl)
H Z)-2-chloro-N'-(1-(2-hydroxypheny C.:H1-:CIN,O
1 ethylidene) benzohydrazide 151113 22
oH lidene) benzohydrazi 288.73
(o]
(e}
N CH
N/ A s
H (2)-N'-(1-(2-hydroxyphenyl) ethylidene)- C1eH1<N-O
2 2-methylbenzohydrazide 167 167122
OH yibenzonydrazt 268.31
CHs
(e}
N CH.
N/ N ®
H (2)-N'-(1-(2-hydroxyphenyl) ethylidene)-
3 2-methoxybenzohydrazide CasH16N20;
P OH 284.31
(e}

2.2. Weight loss measurements

For weight loss measurements, rectangular C-steel specimens of size 20 x 20 x 2 mm were immersed in 100 ml
inhibited and uninhibited solutions and allow to stand for several intervals at 25°C in water thermostat. Therefore, the
weight losses given by:

Am = (mg-my) @

where m; and m, are the weights of metal before and after exposure to the corrosive solution, respectively. The
percentage inhibition efficiency (% IE) and the degree of surface coverage (8) of the investigated compounds were
calculated using equation (2):

% IE =6 x 100 = [1 — ( AMjnn/ AMgee)] X 100 )

where Amgee and Am;,, are the weight losses per unit area in the absence and presence of additives, respectively.

2.3 Electrochemical measurements

A three electrode electrochemical cell was used. The working electrode was C-steel of surface area of 1 cm?® Before
each experiment, the electrode was abraded using emery papers as before. After this, the electrode was cleaned
ultrasonically with ethyl alcohol and washed by bidistilled water. All potentials were given with reference to the
saturated calomel electrode (SCE). The counter electrode was a platinum plate of surface area of 1 cm® The working
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electrode was immersed in the test solution during 30 min until a steady state open circuit potential (E,,) was obtained.
The polarization curves were recorded by polarization from -0.6 V to 0.2 V under potentiodynamic conditions
corresponding to 1 mV/s (sweep rate) and under air atmosphere. All measurements were carried out with C-steel
electrode in 1 M HCI in the absence and presence of different concentrations (15 x 10° — 27 x 10® M) of the
investigated inhibitors at 25 "C. All experiments were carried out at 25 + 1 "C. The inhibition efficiency and surface
coverage (0) were calculated from equation (3):

%IE=0x100= [1 - (icorr(inh.)/ icorr(free))] x 100 (3)

where icorrree) N corinny are the corrosion current densities in the absence and presence of inhibitor, respectively.
Electrochemical impedance spectroscopy measurements were performed using the same cell that used in polarization
experiments. The EIS carried out over a frequency range of 1 Hz to 100 kHz, with a signal amplitude perturbation of 10
mV.

The inhibition efficiency (% IE) and surface coverage (6) of the investigated compounds obtained was calculated from
equation (4):

% IE =0 x 100 =[(Ret - R &) / Reg] X 100 (4)

where R°%; and R are the charge transfer resistance values in the absence and presence of the inhibitors, respectively.
Electrochemical frequency modulation is a non-destructive technique as electrochemical impedance spectroscopy that
can directly and rapidly give values of the corrosion current without a prior knowledge of Tafel constants. The great of
the EFM is the causality factors, which serves as an internal check on the validity of the EFM measurement. With the
causality factors the experimental EFM data can be verified [12-13]. Identical cell assembly was used as in impedance
studies. All electrochemical measurements were carried out using Potentiostat /Galvanostat / Zra analyzer (Gamry
PCI1300/4). A personal computer with DC105 software for potentiodynamic, EIS300 software for EIS and EFM140
software for EMF and Echem Analyst 5.21 was used for data fitting.

3. RESULTS AND DISCUSSION
3.1 Weight — loss measurements
Figure 1 shows the effect of concentration of compound (3) on the weight loss vs. time of C-steel at 25°C. Similar
curves were obtained for the other two compounds not shown. It is obvious that the weight loss of C-steel in presence
of inhibitors varies linearly with time, and is much lower than that obtained in blank solution. The linearity obtained
indicated the absence of insoluble surface film during corrosion and that the inhibitors were first adsorbed onto the
metal surface and, therefore, impede the corrosion process [14].
The calculated values of the percentage inhibition efficiency (% IE) at different concentrations of investigated
compounds in 1 M HCI at different temperatures (25- 40°C) are given in Tables land 2. From these Tables, the
inhibition efficiencies increase by increasing inhibitors concentrations and decreases by increasing in temperature.
This behavior could be attributed to the increase of the number of adsorbed molecules at the metal surface. At one and
the same inhibitor concentration % IE increases in the following order: (1) < (2) < (3).

3.2 Adsorption isotherm

Basic information on the interaction between the inhibitors and the C-steel can be provided by the adsorption isotherm.
Two main types of interaction can describe the adsorption of the organic compound: physical adsorption and chemical
adsorption. These are influenced by the chemical structure of the inhibitor, the type of the electrolyte, the charge and
nature of the metal. The surface coverage, 0, of the metal surface by the adsorbed inhibitor was evaluated from weight
loss measurements using equation (2). The 8 values of different inhibitor concentrations at 25 °C were tested by fitting
to various isotherms including, Frumkin, Langmuir, Temkin and Flory-Huggins. By far the best fit was obtained with
the Langmuir isotherm is given as [15]:

0 /1-0 = Kags C ®)

where C is the inhibitor concentration and Kags is the equilibrium constant of adsorption process and is related to the
standard free energy of adsorption AG’ 4 by Eq. (6) :

Kags = 1/55.5 exp (-AG 2/RT) (6)

The value of 55.5 is the concentration of water in solution expressed in mole per liter, R is the universal gas constant
and T is the absolute temperature .
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A plot of (8 /1-0) against C, for all concentrations of inhibitors (Figure 2) a straight line relationship was obtained in all
cases with correlation coefficients (R?) in more than 0.994.

The deviation of the slope from unity as observed from this study could be interpreted that there are interactions
between adsorbed species on the metal surface as well as changes in adsorption heat with increasing surface coverage
[16, 17], factors that were ignored in the derivation of Langmuir isotherm. The negative AG®qs Values (Table 3) are
consistent with the spontaneity of the adsorption process and the stability of the adsorbed layer on the C-steel surface
[18].

It is generally accepted that the values of AG°q up to -20 kJ mol™ the types of adsorption were regarded as
physisorption , the inhibition acts due to the electrostatic interaction between the charged molecules and the charged
metal, while the values around -40 kJ mol™ or smaller, were seen as chemisorptions, which is due to the charge sharing
or a transfer from the inhibitor molecules to the metal surface to form covalent bond [19-20]. The AG®,qs values
obtained in this study range from — 36.2 to — 36.7 kJ mol™. It suggested that the adsorption mechanism of investigated
inhibitors on C-steel in 1 M HCI solution was typical of physisorption.

3.3 Kinetic-thermodynamic corrosion parameters

As noticed previously, the adsorption process was well elucidating by using a thermodynamic model, in addition a
kinetic-thermodynamic model was another tool to explain the mechanism of corrosion inhibition for an inhibitor. The
apparent effective activation energies (E",) for the corrosion reaction of C-steel in HCI in the absence and presence of
different concentrations of investigated compounds were calculated from Arrhenius-type equation [21]:

k=A exp (-E," / RT) (7

where A is the Arrhenius pre-exponential factor. A plot of log k (corrosion rate) vs. 1 / T gave straight lines as shown
in (Figure 3). The entropy of activation (AS") and the enthalpy of activation (AH") for the intermediate complex in the
transition state for the corrosion of C-steel in HCI in the absence and presence of different concentrations of
investigated compounds were obtained by applying the transition-state equation [22-24]

k=RT/Nhexp (AS'/R) exp (-AH" / RT) (8)

where h is the Planck’s constant and N is the Avogadro’s number

A plot of log k (corrosion rate) / T vs. 1/ T should give a straight lines (Figure 4), with a slope of (-AH" / 2.303R), and
an intercept of [(log( RT / Nh ) + (AS/2.303R)] [25-26], from which the values of AH and AS™ were calculated,
respectively. (Table 4) exhibited values of apparent activation energy, apparent enthalpies AH™ and entropies AS™ for C-
steel dissolution in 1 M HCI solution in the absence and presence of different investigated compounds. The presence of
inhibitors decreased the activation energies of C-steel indicating strong adsorption of the inhibitor molecules on the
metal surface and the presence of these additives induces the adsorption of theses additives on the surface of C-steel.
Values of the entropy of activation AS” in the absence and in presence of the studied compounds are negative .This
implies that the activated complex in the rate determining step represents an association rather than a dissociation step
[27]. This means that the activated molecules were in higher order state than that at the initial stage [28-29].

3.4 Polarization curves

Figure.5 illustrates the polarization curves of carbon steel in 1 M HCI solution without and with various concentrations
of compound (3) at 25°C. The presence of investigated compounds shift both anodic and cathodic branches to the lower
values of corrosion current densities and thus causes a remarkable decrease in the corrosion rate. The parameters
derived from the polarization curves in (Figure 5) are given in Table 5. In 1 M HCI solution, the presence of the
investigated compounds cause a remarkable decrease in the corrosion rate i.e., shifts both anodic and cathodic curves to
lower current densities. In other words, both cathodic and anodic reactions of carbon steel electrode are retarded by the
investigated compounds in hydrochloric acid solution. The Tafel slopes of B, and B at 25'C do not change remarkably
upon addition of the investigated compounds, which indicates that the presence of investigated compounds does not
change the mechanism of hydrogen evolution and the metal dissolution process. Generally, an inhibitor can be
classified as cathodic or anodic type if the shift of corrosion potential in the presence of the inhibitor is more than 85
mV with respect to that in the absence of the inhibitor [30, 31]. In the presence of investigated compounds, Eo shifts
to less negative but this shift is very small (about 20-30 mV), which indicates that investigated compounds can be
arranged as a mixed-type inhibitor, with predominant anodic effectiveness. The % inhibition increased with increasing
the concentration of the compounds, the inhibition efficiency of the three tested compounds measured by polarization
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method increased in the following order: (1) < (2) < (3). This sequence is in accordance with that obtained from
weight-loss measurements.

3.5 Electrochemical impedance spectroscopy

Figures 6 and 7 show the Nyquist and Bode diagrams of carbon steel in 1 M HCI solutions containing different
concentrations of compound (3) at 25'C. All the impedance spectra exhibit one single depressed semicircle. The
diameter of semicircle increases with the increase of the investigated compounds concentration. The impedance spectra
exhibit one single capacitive loop, which indicates that the corrosion of steel is mainly controlled by a charge transfer
process [32] and the presence of the investigated compounds does not change the mechanism of carbon steel
dissolution [33]. In addition, these Nyquist diagrams are not perfect semicircles in 1 M HCI that can be attributed to the
frequency dispersion effect as a result of the roughness and inhomogeneous of electrode surface [34]. Furthermore, the
diameter of the capacitive loop in the presence of inhibitor is larger than that in the absence of inhibitor (blank solution),
and increased with the inhibitor concentration. This indicates that the impedance of inhibited substrate increased with
the inhibitor concentration. [33,34]. This behavior is usually attributed to the inhomogeneity of the metal surface
arising from surface roughness or interfacial phenomena [35], which is typical for solid metal electrodes [36].
Generally, when a non-ideal frequency response is presented, it is commonly accepted to employ the distributed circuit
elements in the equivalent circuits. What is most widely used is the constant phase element (CPE), which has a non-
integer power dependence on the frequency [37]. Thus, the equivalent circuit depicted in Figure 8 is employed to
analyze the impedance spectra, where R represents the solution resistance, R.; denotes the charge-transfer resistance,
and a CPE instead of a pure capacitor represents the interfacial capacitance. The impedance of a CPE is described by
the equation 9:

Zere = Yo' (jo) 9)

where Yy is the magnitude of the CPE, j is an imaginary number, ® is the angular frequency at which the imaginary
component of the impedance reaches its maximum values, and n is the deviation parameter of the CPE: -1 <n < 1. The
values of the interfacial capacitance Cq can be calculated from CPE parameter values Y, and n using equation 10 [38]:
Cai = Yo (Oma) ™" (10)

The values of the parameters such as Ry, Ry, through EIS fitting as well as the derived parameters Cy and n % are listed
in Table 6. The order of inhibition efficiency obtained from EIS measurements is as follows: (1) < (2) < (3). This
sequence is in accordance with that obtained from weight-loss and polarization measurements.

3.6 Electrochemical Frequency Modulation Technique (EFM)

The EFM is a nondestructive corrosion measurement technique that can directly give values of the corrosion

current without prior knowledge of Tafel constants. Like EIS, it is a small AC signal. Intermodulation spectra obtained
from EFM measurements of carbon steel in 1 M HCI solution, in the absence and presence of different concentrations
of compound (3) at 25°C are presented in Figure 9. Each spectrum is a current response as a function of frequency.
The calculated corrosion kinetic parameters at different concentrations of the the investigated compounds in 1 M HCI
at 25°C (icorr, Pa B CF-2, CF-3 and n%) are given in Table 7. From this Table, the corrosion current densities
decreased by increasing the concentration of investigated compounds, the inhibition efficiencies increase by increasing
investigated compounds concentrations. The causality factors CF-2 and CF-3 in Table 7 are very close to theoretical
values that according to EFM theory [39] should guarantee the validity of Tafel slopes and corrosion current densities.
Values of causality factors (Table 7) indicate that the measured data are of good quality. The standard values for CF-2
and CF-3 are 2 and 3, respectively. The causality factor is calculated from the frequency spectrum of the current
response. If the causality factors are approximately equal to the predicted values of 2 and 3, there is a causal
relationship between the perturbation signal and the response signal .Then the data are assumed to be reliable [12].
When CF-2 and CF-3 are in the range 0-2 and 0-3, respectively, then the EFM data is valid. The deviation of causality
factors from their ideal values might due to that the perturbation amplitude was too small or that the resolution of the
frequency spectrum is not high enough also another possible explanation that the inhibitor is not performing very well
[13].

3.7 Mechanism of Corrosion inhibition
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From the observations drawn from the different methods, corrosion inhibition of C-steel in acid chloride solution by the
investigated inhibitors as indicated from weight loss, potentiodynamic polarization, EIS and EFM techniques was
found to depend on the concentration and the nature of the inhibitor.

The adsorption of organic molecules on the solid surfaces cannot be considered only as purely physical or as purely
chemical adsorption phenomenon. In addition to the chemical adsorption, inhibitor molecules can also be adsorbed on
the steel surface via electrostatic interaction between the charged metal surface and charged inhibitor molecule if it is
possible. The free energy of adsorption value is not very greater than -40 kJ mol™ should indicate contribution of
physical adsorption. If the contribution of electrostatic interactions takes place, the following adsorption process can
additionally be discussed. The investigated compounds have basic character and expected to be protonated in
equilibrium with the corresponding neutral form in strong acid solutions. Because Csteel surface carried positive charge,
ClI" ions should be first adsorbed onto the positively charged metal surface. Then the inhibitor molecules adsorb through
electrostatic interactions between the negatively charged metal surface and positively charged inhibitor molecule and
form a protective layer. In this way, the oxidation reaction of Fe can be prevented [40]. The protonated inhibitors
molecules are also adsorbed at cathodic sites of metal in competition with hydrogen ions. The adsorption of protonated
inhibitors molecules reduces the rate of hydrogen evolution reaction [41].

The order of increased inhibition efficiency for investigated derivatives is: 3 > 2 > 1 as indicated from the
different methods. Compound (3) is the most efficient inhibitor. Exhibit excellent inhibition power due to: (i) The
presence of two N and three O atoms which are electron denoting atoms which increase the electron charge density on
the molecule and (ii) these atoms may add an additional active centers. Compound (2) comes after compound (3) in
inhibition efficiency due to the presence of two N and two O atoms with less one O atom than in compound (3). This
will decrease the charge density on the molecules and hence, the inhibition efficiency decreased. Compound (1) is the
least efficient inhibitor, in spite of the presence of two N and two O atoms. This is due to the presence of Cl atom
which is very withdrawing group.

CONCLUSIONS

From the overall experimental results the following conclusions can be deduced:

1. (2)-N'-(1-phenylethylidene)benzohydrazide derivatives are good inhibitors and act as mixed type but mainly act as
anodic inhibitors for carbon steel corrosion in 1 M HCI solution.

2. The results obtained from all electrochemical measurements showed that the inhibiting action increases with the
inhibitors concentration and decreases with the increasing in temperature.

3. Double layer capacitances decrease with respect to blank solution when PEBH is added. This fact confirms the
adsorption of the investigated compounds molecules on the carbon steel surface.

4. The adsorption of PEBH on the carbon steel surface at different temperature was found to obey the Langmuir
adsorption isotherm and this adsorption is physosorption

5. The values of inhibition efficiencies obtained from the different independent quantitative techniques used show the
validity of the results.
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Fig. 1. Weight loss-time curves for the dissolution of C-steel in 1 M HCl in the absence and presence of different concentrations of compound (3)
at 25°C
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Fig. 6: The Nyquist plots for corrosion of C-steel in 1 M HCI in the absence and presence of different concentrations of compound (3) at 25°C
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Table 1: Data of weight loss measurements for carbon steel in 1 M HCI solution in the absence and presence of different concentrations of
investigated inhibitors at 25°C

-6
Compound ConCKAX v Cor::gsigrr;_l?a:;?n(fR), 0 % IE
Blank 0.050

15 0.029 0.411 41.1

18 0.020 0.589 58.9

1 21 0.012 0.754 75.4

24 0.009 0.815 81.5

27 0.006 0.884 88.4

15 0.034 0.314 314

18 0.025 0.493 49.3

2 21 0.016 0.685 68.5

24 0.012 0.760 76.0

27 0.007 0.864 86.4

15 0.040 0.205 20.5

18 0.028 0.431 43.1

3 21 0.017 0.658 65.8

24 0.014 0.722 72.2

27 0.009 0.826 82.6
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Table 2: Data of weight loss measurements for carbon steel in 1 M HCI solution in the absence and presence of different concentrations of
investigated inhibitors at different temperature

Conc., x 10° 30C 35C 40C
Compound M

0 % IE 0 % IE 0 % IE
Blank e
15 0.390 39.0 0.344 344 0.332 33.2
18 0.545 54.5 0.445 44.5 0.423 42.3
1 21 0.746 746 0.699 69.9 0.602 60.2
24 0.804 80.4 0.777 7.7 0.688 68.8
27 0.861 86.1 0.836 83.6 0.759 75.9
15 0.270 27.0 0.173 17.3 0.143 14.3
18 0.459 459 0.323 32.3 0.290 29.0
2 21 0.646 64.6 0.583 58.3 0.558 55.8
24 0.745 745 0.717 71.7 0.692 69.2
27 0.833 833 0.800 80.0 0.759 75.9
15 0.199 19.9 0.141 141 0.123 12.3
18 0.357 35.7 0.257 25.7 0.223 22.3
3 21 0.629 62.9 0.587 58.7 0.465 46.5
24 0.692 69.2 0.672 67.2 0.558 55.8
27 0.740 74.0 0.725 725 0.659 65.9
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Table 3: Thermodynamic parameters for the adsorption of three compounds on carbon steel surface in 1M HCI at different temperatures

Compounds Temp- Ki10", e pAH s, Rt

298 4.92 36.2

1 303 1.49 36.8 5.5 103
308 1.46 37.4
313 1.45 37.8
298 3.39 36.7

2 303 1.43 37.3 1.8 116
308 1.42 37.8
313 1.41 38.4
298 3.23 36.7

3 303 1.42 37.3 31 112
308 1.41 37.9
313 1.40 38.4

Table 4: Activation parameters for the dissolution of carbon steel in the presence and absence of different concentrations of inhibitors in 1 M HCI

Activation parameters

Inhibitor CO”C'MX 10° E, pAH i AS
kJ mol* kJ mol* JmoltK?

Blan 56.4 249 78.1

15 80.5 304 40.9

18 84.4 32.1 29.9

1 21 89.4 37.2 4.7

24 91.9 38.2 9.3

27 98.9 40.4 23.7

15 77.6 29.8 44.6

18 82.4 31.3 34.6

2 21 84.9 329 25.9

24 86.7 34.2 18.9

27 95.6 36.1 7.5

15 68.2 26.9 65.2

18 72.8 285 55.2

3 21 81.3 30.9 39.7

24 85.6 33.6 22.1

27 93.6 35.1 13.6
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(Ba& Pc), degree of surface coverage®, and inhibition efficiency (% IE) for the corrosion of carbon steel 1 M HCI at 25 °C

Conc., x 10 E i b b
~“Eecorr.y corr 2y “Pc s 0,

Comp. M mV(vs SCE) pA cm? mV dec? mV dec 0 % IE
Blank 262 5.0446 39 334 |

15 263 1.8291 37 403 0.637 63.7

18 259 1.6217 36 207 0.679 67.9

1 21 268 1.4479 43 180 0.713 71.3
24 268 1.3014 40 158 0.742 74.2

27 265 .9966 33 103 0.802 80.2

15 260 2.4958 34.9 96.5 0.505 50.5

18 336 2.1467 74.0 2745 0.574 57.4

2 21 275 1.9183 59 339 0.620 62.0
24 263 1.5231 43 225 0.968 96.8

27 266 1.1880 38 152 0.765 76.5

15 267 4.2720 48 261 0.153 15.3

18 268 3.6600 43 199 0.2744 27.44

3 21 270 2.7496 39 128 0.455 455
24 266 2.0807 35 97 0.588 58.8

27 264 1.9197 31 84 0.619 61.9

Table 6: Electrochemical kinetic parameters obtained by EIS

compounds at 25°C

technique for

in 1 M HCI without and with various concentrations of investigated

Comp. cone..x 10° et Yﬁ's;(*lgs n et uFidr'ﬁ*Z 0 HIE
Blank 1.54 344.8 773.8 531 | | e ] e
15 1.26 345.2 753.8 101.4 1.89 0.476 47.6
18 1.18 373.3 745.6 124.6 1.86 0.574 57.4
! 21 1.15 4222 731.8 140.6 1.49 0.662 62.2
24 1.28 508.2 712.6 164.3 1.31 0.677 67.7
27 1.20 526.2 695.3 184.6 1.15 0.712 71.2
15 1.48 316.6 773.7 80.0 1.20 0.336 33.6
18 1.55 353.0 740.7 100.8 1.09 0.473 47.3
2 21 1.37 290.9 771.5 106.4 1.07 0.501 50.1
24 1.20 341.2 756.0 115.2 1.02 0.539 53.9
27 1.44 2285 804.9 133.1 0.97 0.601 60.1
15 1.72 369.7 830.1 68.1 1.74 0.220 22.0
18 1.35 394.1 762.4 95.9 1.47 0.447 44.7
3 21 1.17 4332 745.9 97.9 1.42 0.458 45.8
24 1.14 3733 765.1 109.4 1.40 0.515 51.5
27 1.20 341.3 779.3 126.8 1.39 0.581 58.1
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Table 7: Electrochemical kinetic parameters obtained by EFM technique for carbon steel in the absence and presence of various concentrations of
inhibitors in 1 HCI at 25°C

Comp. C°”°'MX 0% [ Acm? mv%; o mv%ae - CF-2 CF-3 rﬁgy 0 %IE
Blank 1231 80.6 112.0 2.4 5.1 562.0 - -

15 248.0 129 108 1.889 2.856 113.7 0.799 79.9

18 211.0 214 140 1.932 3.635 96.55 0.829 82.9

1 21 2035 131 111 1.830 3.264 93.00 0.835 83.5

24 185.3 153 125 1.90 3.057 84.65 0.849 84.9

27 174.3 118 114 1.083 3.663 97.73 0.858 85.8

15 289.1 122 101 1.930 3.320 132.1 0.765 76.5

18 2326 121 103 1.846 3.080 106.3 0.811 81.1

2 21 224.4 126 106 1.945 2.982 102.5 0.818 81.8

24 208.1 118 110 1.583 2.836 95.09 0.831 83.1

27 204.7 127 121 1.494 3.61 67.93 0.834 834

15 375.1 91.7 105.7 1.8 2.8 1245 0.695 69.5

18 304.9 148 141 1.292 3.366 101.2 0.752 75.2

3 21 295.4 150 134 1.779 3.187 98.05 0.760 76.0

24 2837 102 96 1.497 2.923 94.15 0.770 770

27 250.4 147 131 1.867 2.990 83.09 0.797 79.7
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