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Abstract The inhibition effect of Flectofenine on corro-
sion of mild steel in 1M HCl solution was investigated by using
traditional weight loss method and electrochemical techniques
at different concentrations and temperatures. Adsorption of the
inhibitor follows a Langmuir adsorption isotherm studied at the
temperatures of 303-333 K. The change in free energy and
change in enthalpy explain the mode of the adsorption. Acti-
vation energy values, apparent enthalpy changes and apparent
entropy changes explain the corrosion process. The mechanism
of inhibition was discussed.

Keywords Metals - Organic compounds -
Electrochemical measurements - Inhibitor - SEM

Introduction

Mild steel is an alloy form of iron, which readily undergoes
corrosion in acidic media. Acidic solutions are extensively
used in chemical laboratories and in several industrial
processes, such as acid pickling, acid cleaning, acid de-
scaling and oil wet cleaning. This leads to steel corrosion
with huge economic losses for potential users [1-7].
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Corrosion inhibition is of great importance in many indus-
tries, such as oil and gas extractions, refining and
petrochemicals, metallurgy and construction. Among various
techniques, use of corrosion inhibitors is the most efficient and
economic method. They are adsorbed by the metal surface, form
protective films and isolate metals from corrosive media [8—12].

The adsorption of a corrosion inhibitor depends mainly on
physicochemical properties of the molecule such as functional
groups, steric factor, molecular size, molecular weight,
molecular structure, aromaticity, electron density at the donor
atoms, p-orbital character of donating electrons and electronic
structure of the molecule [2, 13-16]. This has led to consid-
eration of pharmaceutical ingredients as corrosion inhibitors.
Ketoconazole [17], some of the azosulfa drugs [18], meclizine
hydrochloride [19] and some antimalarian drugs [20] have
been reported as good inhibitors. Thus, drugs with planar
structure can be a promising inhibitor which encouraged us to
choose a drug Flectofenine [21].

Flectofenine is a class of nonsteroidal anti-inflammatory
drugs used for the treatment of inflammatory disorders. The
IUPAC name of Flectofenine is 1-[N-[8-(trifluoromethyl)-
4-quinolyl] anthranilate]. The presence of electron-rich N,
O, F atoms and n-bonds in its structure might be in favor of
its adsorption on the metal surface, which gives a scope for
its study as a potential corrosion inhibitor. The aim of the
present investigation is to study the effect of Flectofenine
as a corrosion inhibitor for mild steel in 1M HCI.

Experimental
Material

Steel strips having compositions 0.04% C, 0.35% Mn,
0.022% P, 0.036% S and the rest Fe (99.55%) were used
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for all experiments. The strips were polished by emery
papers from 80 to 1500 grade, washed thoroughly with
distilled water, degreased with acetone and dried at room
temperature. Weight loss experiments were carried out in
IM HCI media. Strips with an exposed area of 1 cm” were
used for electrochemical measurements. The corrosive 1M
HCI solutions were prepared using AR-grade HCI and
distilled water.

Test Solution

The Flectofenine structure is shown in Fig. 1. It is procured
from Hangzhou Zhenghan Biological Technology Co., Ltd.
China. It is water-insoluble but soluble in 1M HCI. Dif-
ferent weights of Flectofenine were dissolved in 1M HCl
solution. The prepared stock solutions were used for the
experiments including a blank or neat solution (1M HCI).

Methods
Weight Loss Measurements

Weight loss measurements were performed by immersing
steel plates in a glass beaker containing 100 cm® of cor-
rosive media (1M HCI) with different concentrations of
inhibitor. After an immersion time of 4 h, the steel plates
were taken out and washed with plenty of tap water fol-
lowed by distilled water, dried and weighed accurately
using a digital balance (accuracy: + 0.1 mg). All experi-
ments were carried out in static and aerated conditions.
Each measurement was repeated thrice for reproducibility,
and an average value was reported.

Electrochemical Measurements

The electrochemical measurements were carried out in a
CHI 608D electrochemical work station (manufactured by
CH Instruments, Austin, USA) at 303-333 K. The cell
consists of three electrodes, namely the working electrode
(steel), counter electrode (platinum) and reference elec-
trode (Ag/AgCl electrode). Before each electrochemical
measurement, the working electrode was allowed to stand

o
NH OH
/
NS
N
F F

Fig. 1 Structure of Flectofenine
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for 30 min in the test solution to establish steady-state
open-circuit potential (OCP). All reported potentials were
with respect to Ag/AgCl electrode. For Tafel measure-
ments, potential-current curves were recorded at a scan
rate of 0.01 V s~ ' in the potential range obtained by adding
— 0.2 and 4 0.2 V to the open-circuit potential (OCP)
value. The corrosion parameters such as corrosion potential
(Ecorr), corrosion current density (icor), cathodic Tafel
slope (f.) and anodic Tafel slope (f,) were calculated from
the software installed in the instrument. Impedance mea-
surements were carried out using an AC signal with
amplitude of 5 mV at OCP in the frequency range from
0.1 Hz to 1 KHz . The impedance data were fitted to most
appropriate equivalent circuit by using Zgjy,, Win 3.21
software. The impedance parameters were obtained from
Nyquist plots.

Adsorption Isotherm and Thermodynamic Considerations

Organic inhibitors are found to protect mild steel corrosion
in acid media by adsorbing themselves on the metal sur-
face. In order to gain more information about the mode of
adsorption of Flectofenine on mild steel surface in 1M HCl
at different temperature, attempts were made to fit the
experimental data with several adsorption isotherms
(Temkin, Langmuir, Freundlich, Frumkin, Bockris—Swin-
kels and Flory—Huggins). Thermodynamic parameters were
calculated by using standard equations.

Scanning Electron Microscopic Studies

The steel specimens after immersion in experimental solu-
tions were removed and dried. The specimens were coated
with film of 50 nm of gold by sputtering and investigated by
a JEOL JSM 840A scanning electron microscope. The
potential of the accelerating beam employed was 20 kV.

Activation Parameters

Arrhenius graphs and transition-state graphs were plotted
by using the corrosion rate data with respect to tempera-
ture. Activation parameters were calculated by standard
equations.

Result and Discussions

Weight Loss Method

The weight loss method is probably the most widely used
method of initial inhibition assessment. In our study, dif-

ferent mild steel samples were used which were immersed
in 1M HCI solutions containing different inhibitor
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concentrations at 303 K temperature for 4 h. The investi-
gations were carried out in aerated solutions. The mass of
each steel specimen before and after immersion was
determined using an analytical balance.

Table 1 Corrosion parameters obtained from weight loss measure-
ments for steel in 1M HCl in the presence of various concentrations of
Flectofenine

Corrosive medium of Corrosion rate Inhibition

Flectofenine (ppm) (gm/cm2 h) efficiency #,,
IM HCI 0.365
100 0.175 52.0
200 0.157 56.9
300 0.136 62.7
400 0.131 64.1
500 0.129 64.6
400 ppm
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The value of percentage inhibition efficiency (7,,) was
calculated from the following relation:

we —w

ne = x 100 (Eq 1)

where W’ and W are corrosion rates of steel in the absence
and the presence of inhibitor.

Corrosion parameters for mild steel in 1M HCI in the
presence of different concentrations of the Flectofenine are
provided in Table 1.

N, 1s increased with increase in concentration up to
500 ppm, and thereafter (> 500 ppm), the inhibition effi-
ciency (7,,) remains constant. So 500 ppm is considered as
optimum concentration for achieving the maximum inhi-
bition efficiency.
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Fig. 2 Tafel plots for mild steel in 1M HCI in the presence of different. Concentration of Inhibitor at (a) 303 K, (b) 313 K, (c¢) 323 K, and (d)

333 K temperature
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Electrochemical Measurements
Polarization Measurements

The polarization behavior of steel immersed in 1M HCI in
the presence of different concentration of Flectofenine at
different temperatures is shown in Fig. 2.

The electrochemical parameters such as corrosion
potential (E.,,), corrosion current density (i.oy), cathodic
Tafel slope (f.), anodic Tafel slope (ff,) and inhibition
efficiency according to polarization studies (7,,) are listed
in Table 2. The #, was calculated from the following
relation.

i —1
corr
Np = 2O 100
lO
corr

(Eq 2)

where io, and i2,,, are the corrosion current densities in the
presence and absence of the corrosion inhibitor, respec-
tively. The presence of Flectofenine shifts both anodic and
cathodic branches to the lower values of current densities
and thus causes a remarkable decrease in the corrosion rate.
Oxygen is reduced in low cathodic overpotentials, but the
main cathodic reaction in acidic solution is the discharge of

hydrogen ions to produce hydrogen gas. Figure 2 shows
that both anodic metal dissolution and cathodic reactions
were inhibited after the addition of inhibitor to the
aggressive solution. This result is indicative of the
adsorption of inhibitor molecules on the active sites of the
mild steel surface. The inhibition of both anodic and
cathodic reactions is more pronounced with the increase in
inhibitor concentration [22]. i... values are decreased with
increase in the concentration of Flectofenine. The inhibi-
tion efficiencies of Flectofenine were determined through
electrochemical experiments (Table 2). The values of the
corrosion current density (i.o;) and corrosion potential
(Ecorr) as well as the cathodic and anodic Tafel slopes (.
and f3,) were obtained by linear extrapolation of the Tafel
slope. The figures show the influence of inhibitor and its
concentration. The corrosion current density decreased
with increase in inhibitor concentration and it indicates the
corrosion rate was mitigated. Inhibition was reached by a
blocking mechanism on the anodic and cathodic sites as
polarization curves are displaced downward on the whole
potential range. These results indicate that the presence of
Flectofenine inhibited iron oxidation and to a lower extent
the cathodic reduction reaction; consequently, this

Table 2 Tafel results for the corrosion of mild steel in 1M HCI in the presence of different weights of Flectofenine at different temperatures

Temperature (K)  Inhibitor con” (mg/L)  Ecor (V) Lo A cm™2  Corrosion rate (mpy) f. mV/decade  f§, mV/decade % 1,
303 0 — 0478 0.237 46.53 5.27 6.00
100 — 0477 0.108 21.20 6.73 7.16 54.43
200 — 0477 0.104 20.50 6.80 6.90 56.10
300 — 0474 0.091 18.00 6.62 6.83 61.60
400 — 0476 0.076 15.20 6.80 7.20 67.70
500 — 0472 0.071 13.50 7.57 8.94 69.90
313 0 — 0471 0.362 70.80 5.700 5.990
100 — 0.405 0.159 40.53 5.700 6.300 56.60
200 — 0.480 0.155 22.13 7.050 8.690 57.20
300 — 0.490 0.131 21.67 7.200 9.290 63.60
400 — 0.490 0.115 19.50 7.070 8.900 68.20
500 — 0.480 0.094 17.50 7.073 8.710 74.00
323 0 — 0404 0.440 86.10 5.358 5.440
100 — 0402 0.173 33.90 5.720 6.750 60.68
200 — 0.480 0.171 33.52 6.060 6.250 61.00
300 — 0.496 0.148 28.98 6.111 6.230 66.30
400 — 0481 0.118 25.52 6.28 5.98 73.00
500 — 0477 0.108 21.23 6.831 7.200 75.40
333 0 — 0485 0.379 74.30 5.290 5.660
100 — 04064 0.190 61.20 6.140 6.650 49.80
200 — 0484 0.176 47.30 5.860 5.550 53.30
300 — 0.441 0.140 41.40 5.990 5.910 63.30
400 — 0.381 0.119 36.37 6.030 6.450 68.50
500 — 0497 0.100 28.66 5.838 6.072 73.40
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Fig. 3 Nyquist plots for steel in 1M HCl in the absence and presence of different. (a) 303 K, (b) 313 K, (¢) 323 K, and (d) 333 K temperatures

compound can be treated as mixed type corrosion inhibitor,
as electrode potential displacement is lower than 85 mV in
any direction [23]. The mixed type inhibition of inhibitor is
reported in many literatures [24-26].

Electrochemical Impedance Spectroscopy (EIS)
Measurements

Electrochemical impedance spectra for steel in 1M HCI
with different concentrations of inhibitor at different tem-
peratures are presented as Nyquist plots in Fig. 3.

Nyquist plots were analyzed by fitting the experimental
data to a simple circuit model (Fig. 4.). The fitted values of
R, and Cy are listed in Table 3. It is clear that by
increasing the inhibitor concentration, the C, values
decreases, R, and the inhibition efficiency values increases.
The addition of inhibitors provides lower C,; values; this
situation was the result of an increase in the thickness of

— e

AL "y V S,

Rq Ro

C ——>capacitance
R_land R2—> Resistance

W — Warbug impedance

Fig. 4 Electrical equivalent circuit model used to fit impedance data

the electrical double layer and decrease in local dielectric
constant [27]. The increase in size of the semicircle and R,
values with increasing inhibitor concentration indicates a
charge transfer process is the main controlling factor of the
corrosion of mild steel. Considering the impedance

@ Springer



376

J Fail. Anal. and Preven. (2018) 18:371-381

Table 3 AC impedance results for the corrosion of mild steel in 1M
HCI in the presence of different weights of Flectofenine at different
temperatures

Inhibitor con”

Temperature (K) (mg/L) R, Qcm?® Cy (UF cm’z) % n,
303 0 1.855 6230
100 4.026 4100 53.92
200 4.453 1410 58.34
300 5.763 1350 67.80
400 6.093 410 69.5
500 6.867 113 73.0
313 0 3.800 5996
100 10.92 5405 65.20
200 10.94 5378 65.26
300 12.65 4615 69.96
400 12.80 2856 70.30
500 14.50 1008 73.84
323 0 1.179 3051
100 3.208 1072 63.24
200 4.610 640 74.40
300 5.850 341 79.80
400 7.232 16 83.60
500 9.458 2 87.53
333 0 1.1008 272
100 2.350 177 53.15
200 3.319 155 66.80
300 3.860 61 71.40
400 4.020 58 72.61
500 4.773 27 76.92

diagrams at different temperatures (Fig. 3), the size of the
capacitive loop is increased by increasing the concentration
of Flectofenine, indicating that Flectofenine increased the
charge transfer resistance. All impedance plots contain a
depressed semicircle which can be attributed to the fre-
quency dispersion effect as a result of the roughness and
inhomogeneous electrode surface [28].

Popova et al. [29] said that the sum of charge transfer
resistance (R.) and adsorption resistance (R,q) iS equiva-
lent to polarization resistance (R,). Inhibition efficiency
(n,) was calculated using the following equation.

R, — R
Ny = ———2 % 100
RP

(Eq 3)

where R, and Ry are polarization resistance values in the
presence and absence of inhibitor. Electrical equivalent
circuit model used to fit impedance data is shown in Fig. 4.
The variation of #,, and 5, with temperature in the range
303-333 K is given in Table 3.

@ Springer

Adsorption Isotherm and Thermodynamic
Considerations

The adsorption on the corroding surfaces never reaches the
real equilibrium and tends to reach an adsorption steady
state. However, when the corrosion rate is sufficiently
small, the adsorption steady state has a tendency to become
a quasi-equilibrium state. In this case, it is reasonable to
consider the quasi-equilibrium adsorption in a thermody-
namic way using the appropriate equilibrium isotherms
[30]. The efficiency of the Flectofenine as a successful
corrosion inhibitor mainly depends on its adsorption ability
on the metal surface. So, it is essential to know the mode of
adsorption and that can give the valuable information on
the interaction of the inhibitor with the metal surface.

In order to gain more information about the mode of
adsorption of Flectofenine on mild steel surface in 1M HCI at
different temperatures, attempts were made to fit experimental
data with several adsorption isotherms like Temkin, Langmuir,
Freundlich, Frumkin, Bockris—Swinkels and Flory—Huggins.
The best fit was obtained with Langmuir’s isotherm which is in
good agreement with the following equation.

c 1
“—_4C

e (Eq 4)

where C is the inhibitor concentration, 0 is the degree of
surface coverage defined as #,/100 at different
concentration of inhibitor evaluated from AC impedance
measurement and K,y is the equilibrium constant of
adsorption process which is related to AGg by the
following relation

1 - AGO,qs
555 RT

where R is the universal gas constant, T is the absolute
temperature and 55.5 is the molar concentration of water in
the solution.

The plots of C/0 against C were straight lines with
almost unit slopes and are shown in Fig. 5.

It was found that all the regression coefficients were
very close to 1 which indicates that the adsorption of
Flectofenine on the mild steel surface obeys the Langmuir
adsorption isotherm. The thermodynamic parameters for
the adsorption process are shown in Fig. 6. It is generally
assumed that the adsorption of inhibitor on the metal sur-
face is the essential step in the mechanism of inhibition.
The establishment of isotherms that describe the adsorption
behavior of corrosion inhibitors is essential because they
provide important clues about the nature of metal inhibitor
interaction.

The negative values of AGgy, suggest that the adsorption
of Flectofenine on the mild steel surface is spontaneous.

Kads = (Eq 5)



J Fail. Anal. and Preven. (2018) 18:371-381

371

11
10
94
8
7_.

C/6 (Millimoles)
D
1

1 2 3 4 5 6 7 8
Concentration (milli moles)

Fig. 5 Langmuir adsorption plots of mild steel in 1M HCI solution
containing different concentrations of Flectofenine at different
temperatures
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Fig. 6 Relationship between AGay/T and 1/T

Generally, the values of — AGgq around or less than
20 kJ mol ' are associated with the electrostatic interac-
tion between charged molecules and the charged metal
surface (physisorption), while those around or higher than
40 kJ mol ™' mean charge sharing or transfer from the
inhibitor molecules to the metal surface to form a coordi-
nate type of metal bond (chemisorption) [31].

The values of K45, AGags, AHqqs and ASq are listed in
Table 4. Imran Naqvi et al. [32] reported the value of A-

o4s 18 — 33.52 kJ mol~'. T. Poornima et al. [33] reported

the value of AGgyy values in the range of — 30 to —
32 kJ/mol. In the present study, the investigators obtained a
value in the range of — 30 to — 33 kJ mol ™!, which means
that the adsorption of inhibitor on the mild steel surface is
predominately chemisorption [23]. In addition, values of
the adsorption free energy AGhy very close to —
40 kJ mol™' show that chemisorption makes the major
contribution, whereas physisorption makes a minor con-
tribution in the inhibition mechanism of Flectofenine.

The enthalpy of adsorption was deduced from the Gibbs
Helmholtz Eq 6

Table 4 Thermodynamic parameters for the corrosion of mild steel
in 1M HCl in the presence of different concentrations of Flectofenine
at different temperatures

Temperature — AGYy — AHgy — ASYs
(K) Kags (kJ/mol) (kJ/mol) (J/mol/K)
303 9345.80 33.14 58.00 82.04
313 2583.90 30.89 58.00 86.60
323 1584.70 30.57 58.00 84.90
333 1088.10 30.47 58.00 82.60
— AHP,
{3(AGY, /T[0T }p = — (Eq 6)

This equation can be rearranged to give the following
equation

AHY, — AG?
Asgds — ( ads - ads) (Eq 7)
A plot of AGaq /T versus 1000/T is linear (Fig. 6) with
the slope equal to AHgsq and intercept of —ASq. The
enthalpy of adsorption AHgg, is — 58 kJ/mol and the
entropy of adsorption ASsy, is varied from — 82 to —
86 J/mol/K, respectively. Pavithra et al. [34] reported the
value of AHy, is — 68.28 KJ/Mol. AL-Sawaad et al. [35]
reported the value of AHyy, is — 23 KJ/Mol. In this work,
AHj34 value is — 58 kJ/mol which indicates adsorption of
Flectofenine on the steel surface is exothermic process with
predominately chemisorption method [36]. The AS5y
values in the presence of Flectofenine are large and
negative values indicate a decrease in entropy is due to
decrease in disordering on going from reactants to the
metal adsorbed species [37]. The results obtained from
thermodynamic study reflect that the adsorption of

Flectofenine is comprehensive chemical adsorption.

Activation Parameters

Temperature has a great effect on the rate of metal corro-
sion. In the case of corrosion in a neutral solution (oxygen
depolarization), the increase in temperature has a favorable
effect on the overpotential of oxygen depolarization and
the rate of oxygen diffusion, but it leads to a decrease in
oxygen solubility. In the case of corrosion in acidic media
(hydrogen depolarization), the corrosion rate increases
exponentially with temperature increase because the
hydrogen evolution overpotential decreases [38].

To calculate the activation parameters of the corrosion
process and investigate the mechanism of inhibition,
electrochemical measurements were performed in the
temperature range of 303—333 K in the absence and
presence of different concentration of Flectofenine in 1M
HCl1 solution. The dependence of corrosion rate on

@ Springer
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temperature can be expressed by an Arrhenius equation and

transition-state equation as shown in (8) and (9),
respectively.
log (s —— "% JogA Ea 8
and

RT s aw
Veorr = me R eRT (Eq 9)

where E, is apparent activation energy, A is the pre-ex-
ponential factor, AH* is the apparent enthalpy of
activation, AS* is the apparent entropy of activation, h is
Planck’s constant and N is the Avogadro number. The
apparent activation energy and pre-exponential factors at
different concentration of Flectofenine can be calculated by
linear regression between In 1, and 1000/T (Fig. 7); the
results are shown in Table 5.

Figure 8 shows a plot of In (Vo /T) versus 1000/T.
Straight lines were obtained with a slope equal to (—AH*/
(2.303R)) and the intercept was equal to [log(R/
Nh) + (AS*/(2.303R))], from which the values of AH* and
AS* were calculated and are listed in Table 5.

The increase in activation energy after the addition of
the inhibitor to the 1M HCI solution indicated that physical
adsorption (electrostatic) occurs in the first stage. At higher

1.2
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0.9
3 08-
0.7
E 06
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2 047
= 031
21
8.1— 500ppm
0.0

300 305 310 315 320 325 330
1000/T(K™)

Fig. 7 Arrhenius plot for mild steel in 1M HCI in the absence and
presence of different concentrations of Flectofenine

Table 5 Activation parameters for mild steel in 1M HCI in the
absence and presence of different concentrations of Flectofenine

Concentration

(C) of inhibitor  E, A AH* AS*
(ppm) (kJ/mol) (gem™>h™") (kI mol™") (J mol™' K™")
0 13.50 11,544 10.89 —24.1

25 25.19 503,832 22.58 -279

50 24.25 282,095 21.75 —27.49

75 23.21 171,099 20.66 - 269

100 21.55 242,801 18.84 - 256

@ Springer

concentrations, activation energy gradually decreased. At
higher inhibitor concentration, lower activation energy is
an indication of chemisorption [39]. The energy barrier was
low, facilitating the formation of Fe?™ ions that interacted
with the studied inhibitor to form a protective film.
Inspection of the data reveals that (AH* and AS*) disso-
lution reaction of mild steel in IM HCI decreases with
increase in Flectofenine concentration. The reduction in
mild steel corrosion rate is mainly decided by kinetic
parameters of activation at lower concentration. When the
concentration is increased, the decrease in mild steel cor-
rosion rate is mainly controlled by pre-exponential factor
[40] and on comparing the values of the entropy of acti-
vation (AS*) given in Table 5. It is clear that entropy of
activation increased in the presence of Flectofenine at
lower concentration, while it decreased at higher
concentration.

This indicates that as the concentration increased, dis-
ordering increased on going from reactant to activated
complex at lower concentration than in the absence of
inhibitor, whereas a decrease of AS* reveals that an
increase in disordering takes place on going from reactant
to the activated [41].

Surface Analysis

Figure 9 shows micrographs of the mild steel surface
before and after mild steel immersion in 1.0M HCI solution
with and without corrosion inhibitor. Figure 9a shows
surface of the mild steel specimen after immersion in 1.0M
HCI solution for 2 h in the absence of inhibitor.

Figure 9b shows the surface of the mild steel specimen
after immersion in the corrosive solution in the presence of
500 ppm Flectofenine inhibitor for the same period of time.
The micrographs revealed that the surface morphology was
strongly damaged in the absence of the inhibitor, but in the
presence of 500 ppm inhibitor damage was considerably

T

300 ppm

corr

Inv

-4.04 400 ppm 500 ppm

300 305 310 315 320 325 330
1000 /T(K™)

Fig. 8 Transition-state plot for mild steel in 1M HCI in the absence
and presence of different concentrations of Flectofenine



J Fail. Anal. and Preven. (2018) 18:371-381

379

SBMm BBB8 11 37

Fig. 9 (a) SEM photographs of steel surface in the absence of Flectofenine inhibitor (1M HCI); (b) in the presence of inhibitor Flectofenine in

1M HCI solution

diminished, which confirmed the high efficiency of Flec-
tofenine at this concentration.

Mechanism of the Action of Inhibitors

The mechanism of inhibition requires full knowledge of the
interaction between the protective compound and the metal
surface. Many of the organic corrosion inhibitors have at
least one polar unit with atoms of nitrogen, sulfur, oxygen
and in some cases phosphorus. It has been reported that the
inhibition efficiency decreases in the order O <N <
S < P. The polar unit is regarded as the reaction center for
the chemisorption process. Further, the size, orientation,
shape and electric charge on the molecule determine the
degree of adsorption and the effectiveness of the inhibitor.
On the other hand, iron is well known for its coordination
affinity to heteroatom (N, O, S)-bearing ligands [42].

The results indicate that the inhibition mechanisms
involved predominantly a chemisorption process. The pres-
ence of a nitrogen atom in the benzene ring, oxygen atoms and
whole moiety may be involved in the mechanism. Lone pair
electrons of nitrogen and oxygen atoms may donate the
electrons to the vacant d orbital of the iron and form the
coordinate bond. In addition to this, there may be a chance of
physical adsorption of the inhibitor with the metal [43].

Conclusions

e Flectofenine is a good inhibitor for the corrosion of
mild steel in 1M HCI and inhibition efficiency was

more pronounced with increase in the inhibitor con-
centration up to 500 ppm.

e Inhibition efficiency was increased with increase in
temperature up to 323 K.

e Adsorption of the Flectofenine on the mild steel surface
from the HCIl solution obeyed Langmuir’s adsorption
isotherm.

e Adsorption of the inhibitor on the steel surface is
mainly due to the chemisorption.

e The inhibition action of the Flectofenine against
corrosion is revealed by scanning electron micrographs.
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