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Abstract

Through weight loss, electrochemical impedance, and potentiodynamic polarisation techniques, the effectiveness of an
expired drug in preventing the corrosion of mild steel in acidic environments was investigated. The concentration of
inhibitor correlated with the corrosion inhibition efficiency, which peaked in both acid media at 100 uM. The compound is
a mixed-type inhibitor of corrosion. The experimental data were connected with computed quantum chemical parameters.
According to theoretical studies, the protonated form of corrosion inhibitor contributes more to the observed corrosion

inhibition efficacy in acidic conditions than the neutral form.
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1. Introduction

The corrosion of mild steel becomes a very important
topic in research due to its severe dissolution in acid
media particularly in store tanks and acid refineries'.
Most industries use acid solutions for the removal of
undesired rust and scale which also leads to corrosion.
Corrosion of mild steel gained considerable attention
in research from the past few decades due to economic
and safety consequences™. Organic compounds, in
general, are found to exhibit great contribution in
reducing the corrosion rate of mild steel and other iron
alloys in acid media®’. Such organic compounds have
heteroatoms in their molecular structure and show
much contribution towards reduction in corrosion rate
through the heteroatoms having one or more lone pairs
of electrons that are involved in the coordinate covalent
bond formation with the surface iron atoms®’. However,
many organic compounds are not eco-friendly and
cause some other environmental problems while used as
corrosion inhibitors'®. Hence, an attempt is made to use
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eco-friendly organic compounds as corrosion inhibitors
for controlling the corrosion of mild steel in acid media.
The expired drugs, the drugs which have lost their
pharmaceutical activities on prolonged storage, satisfy all
the requirements of a good corrosion inhibitor and could
be used as corrosion inhibitors which are biodegradable
and not toxic to the environment. In the present work,
an attempt is made to evaluate the corrosion inhibition
performance of an expired drug baclofen using weight
loss, electrochemical impedance spectroscopy and
potentiodynamic polarization studies. The structure and
TUPAC name of the drug molecule is shown in Figure 1.
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Figure 1. Structure of the drug molecule (baclofen IUPAC
name-2-(4-chlorophenyl)-3-aminobutyric acid).
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Quantum chemical studies have also been made to
substantiate the experimental studies.

2. Materials and Methods
2.1 Chemicals

The expired drug is collected from a local medical shop.
The chemicals used were analytical grade. The acid
solutions were diluted to the required concentrations
using double distilled water. The solutions of inhibitor
were also prepared using double distilled water.

2.2 Mild Steel Specimens

Mild steel specimens in the form of coupons of composition
C(0.22%), Si(0.38%), Mn(0.28%), S(0.044%), Cr(0.19%),
Ni(0.18%), Cu(0.38%), Mo(0.018%) and rest being iron were
used. The total exposed area of mild steel specimens is 0.25
cm?. The specimens were polished well using emery sheets
of various grades (1/0,2/0,3/0,4/0 and 5/0) and washed with
double distilled water. Then specimens were degreased with
acetone. The dried specimen was weighed and immersed in
the acid solutions with and without inhibitor.

2.3 Weightloss Measurements

The weighed mild specimens were immersed in the acid
solutions with and without inhibitors. After three hours the
mild steel specimens were taken out from the acid solutions
with and without inhibitor, washed with double distilled
water and degreased with acetone before weighing. From the
weight, the corrosion rate is calculated using the expression;

Corrosion rate = ( w—w )x 100
w

where w is the weight loss in the absence of corrosion
inhibitor and w’ is weight loss in the presence of inhibitor
in acid solutions.

2.4 Electrochemical Impedance
Spectroscopy

Using a three-electrode setup, the corrosion of mild steel was
also investigated in the presence and absence of corrosion
inhibitors at different concentrations. The working electrode
was a mild steel cylindrical rod coated with Teflon, the same
composition utilized in the weight loss trial, and the counter
electrode was Pt foil. The reference electrode was a saturated
calomel electrode. By superimposing an AC sinusoidal
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voltage with an amplitude of 10 mV, impedance spectra were
acquired for the corrosion of mild steel in the presence and
absence of corrosion inhibitors at the open circuit potential.
Charge transfer resistance values are derived from the
impedance investigations and used to calculate the corrosion
inhibition efficiency using a formula'"'%;

R, -R
Corrosion inhibition efficiency = [% j %100
t

Ci

where, R, and R! are charge transfer resistance values
in the absence and presence of inhibitors in the acid
solutions respectively.

2.5 Potentiodynamic Polarization Method

Potentiodynamic polarization curves were recorded using
the same three-electrode cell setup that was utilized to obtain
impedance spectra. To record the polarization curves, a
sweeping potential of 1.67 mV/s was used to transition
from a more cathodic to anodic to open circuit potential by
350 mV through open circuit potential. The polarization
plots were used to compute the corrosion current
density, corrosion potential, and other potentiodynamic
polarization parameters. The expression'"'? was used to
compute the corrosion inhibition efficiency;

i —i
Corrosion inhibition efficiency :( T ]x 100
i

c

where, i and i’ are corrosion current density values in
the absence and presence of inhibitor in 1.0 M HCI and

0.5 M H,SO, acid solutions respectively.

2.6 Scanning Electron Microscopy

SEM images were used to analyze the surface morphology
of mild steel specimens that had corroded in solutions
of 1.0 M HCI and 0.5 M H_SO,. The model number
for the scanning electron microscope used was JEOL-
JSM-6390.2.7

2.7 Quantum Chemical Calculations

The molecular properties of the molecule
2-(4-chlorophenyl)-3-aminobutyric acid were evaluated
using quantum chemical studies. The geometry of the
inhibitor molecule was optimized first and then the
molecular properties were calculated. All the theoretical
studies have been performed using density functional
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theory using hybrid functional B3LYP"' and the
6-31G(d,p) basis set"'?, employing the Gaussian 98 code.

3. Results and Discussion

3.1 Weightloss Measurements

Table 1 displays the corrosion inhibition efficiency
values that were determined using the weight loss
measurement. This table makes it evident that the
inhibitor’s concentration affected the
inhibition efficiency, which peaked at 100 pM
concentration in both the 0.5 M H,SO, acid solution
and the 1.0 M HCI solution. The increased surface
covering of inhibitor molecules is thought to be the
cause of the increase in corrosion inhibition efficiency
with inhibitor concentration. The metal surface can
be effectively separated from the corroding media by

corrosion

plots illustrates this. It is not possible to directly derive
the electrochemical impedance parameters from the
Nyquist plots. To obtain the electrochemical impedance
parameters, equivalent circuits are used. Figure 4 displays
the Randles circuit that fits the study’s needs the best'""2.
This circuit was used to fit the experimental Nyquist plots,
and the electrochemical impedance parameters were
obtained. The electrochemical impedance parameters of
mild steel corrosion in 1.0 M HCl and 0.5 M H,SO, acid
solutions at different concentrations are shown in Table 2
in both the presence and absence of 2-(4-chlorophenyl)-
3-aminobutyric acid. It is evident from the table that as
the inhibitor concentration grew, so did the corrosion

Table 1. The corrosion inhibition efficiency of
2-(4-chlorophenyl)-3-aminobutyric acid on corrosion
of mild steel in acid media from weight loss data.

the inhibitor molecules, which can cover the maximal Medium | Concentration of | Corrosion | Inhibition
. . 0
surface area at the optimal concentration. Additionally, the inhibitor (uM) | rate (mpy) | efficiency (L.E%)
it is evident that in both acid media, the corrosion Blank 189 -
inhibition values are nearly identical at the ideal 1 64.3 66
inhibitor concentration. 1L.OM 5 52.9 72
HCI 10 49.1 74
3.2 Electrochemical Impedance Spectroscopy 50 36.7 a1
Figures 2 and 3 show the electrochemical impedance 100 22.7 88
spectra obtained for the corrosion of mild steel in 1.0 Blank 286 }
M HCl and 0.5 M H,SO, acid solutions in the presence 1 108 62
and absence of 2-(4-chlorophenyl)-3-aminobutyric 0.5M 5 914 pe
acid. The charge transfer resistance value rose as the H,S0, - 57'2 %0
inhibitor concentration grew, as shown by the Nyquist :
plots. The semicircle’s increased diameter in the Nyquist 100 40.0 86
140,
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Figure 2.
3-aminobutyric acid.
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Nyquist plots for corrosion of mild steel in 1.0 M HCl solutions in the absence and presence of 2-(4-chlorophenyl)-
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Nyquist plots for corrosion of mild steel in 0.5 M H,SO, acid solutions in the absence and presence of
2-(4-chlorophenyl)-3-aminobutyric acid.

inhibition efficiency. The charge transfer resistance value
also increased as the inhibitor concentration increased,
showing that the inhibitor molecules’ surface covering

was impeding the metal’s ability to dissolve'>"".

3.3 Potentiodynamic Polarization Studies

Figures 5 and 6 show the Tafel plots that were recorded for
the mild steel corrosion in 1.0 M HCl and 0.5 M H_SO,
solutions. These numbers demonstrate how the presence

Table 2. Electrochemical impedance parameters derived from the Nyquist plots for the corrosion of mild steel in
the absence and presence of 4-amino-3-(4-chlorophenyl) butanoic acid in 1.0 M HCl and 0.5 M H_SO, solutions

Medium Concentration of the inhibitor (uM) (Ret) n Cdl(uFcm™?) | Inhibition Efficiency (1.E%)
Blank 18.7 0.897 407 -
1 51.9 0.911 214 64
5 64.5 0.905 105 71
1.0M HClI
10 69.3 0.944 98 73
50 81.3 0.948 73 77
100 133.6 0.961 21 86
Blank 14.4 0.916 377 -
1 36.0 0.927 166 60
5 43.6 0.956 127 67
0.5M H,SO,
10 51.4 0.951 82 72
50 80.1 0.971 44 82
100 96.2 0.981 19 85
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Figure 5. Tafel plots for the corrosion of mild steel in 1.0 M HCl solutions in the absence and presence of 2-(4-chlorophenyl)-

3-aminobutyric acid.
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Figure 6. Tafel plots for the corrosion of mild steel in 0.5 M H,SO, acid solutions in the absence and presence of

2-(4-chlorophenyl)-3-aminobutyric acid.

of an inhibitor influences mild steel corrosion in both
cathodic and anodic regions. This suggests that there is
a mixed type of inhibitor. Table 3 displays the possible
dynamic polarization parameters that were obtained
using Tafel plots. The corrosion potential of blank acid
solutions does not significantly change in the presence of
an inhibitor from its open circuit potential. This supports
the inhibitor’s mixed-type nature even further.

3.4 Scanning Electron Microscopy

The surface morphology of a mild steel specimen in
1.0 M HCl and 0.5 M H,SO, acid solutions, both with
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and without 2-(4-chlorophenyl)-3-aminobutyric acid, is
depicted in Figure 7. The SEM images demonstrate how
an inhibitor efficiently increases surface morphology.
This figure shows how the inclusion of an inhibitor
in these two acid solutions significantly reduces the
numerous cracks and localized corrosions on the mild
steel surface.

3.5 Quantum Chemical Calculations

The corrosion inhibition efficiency of the drug molecule
was correlated with its molecular properties through the
molecular properties of the inhibitor molecules evaluated

ScieXplore: International Journal of Research in Science
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Table 3. Potentiodynamic polarization parameters for the corrosion of mild steel in the absence and presence of
4-amino-3-(4-chlorophenyl) butanoic acid in 1.0 M HCl and 0.5 M H_SO, solutions.

Medium Concentration of | Corrosion Potential | Tafel Constants | Corrosion current Inhibitor efficiency
the inhibitor (uM) | (Ecorr mV) Ba Bc density (mAcm?) (I.LE%)
Blank -445 163 217 2.784 -
1 -409 173 209 1.031 63
LoM HCl 5 -427 166 198 0.835 70
10 -434 165 212 0.779 72
50 -409 168 227 0.612 78
100 -417 179 215 0.389 86
Blank -457 262 438 3.118 -
1 -467 267 442 1.247 60
0.5MHSO, 5 -471 266 437 1.028 67
10 -479 261 431 0.904 71
50 -476 273 446 0.623 80
100 -487 277 439 0.498 84
Figure 7. Sem monographs of mild steel in a) 1.0 M HCl b) 0.5 M H,SO, ¢) 1.0 M HCI acid solution containing 100 uM

inhibitor and d) 0.5 M H,SO, acid solution containing 100 uM inhibitor.

using density functional theory. The geometry of the
molecule was first optimized fully in the gas phase before
evaluating the molecular properties. The lone pair of
electrons on the nitrogen atom can also get protonated in acid
solutions. Therefore, for the protonated form of the inhibitor
molecule, additional quantum chemical computations as
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well as geometrical optimization were performed. Figure 8
shows the optimal structures of the inhibitor molecule in
both its neutral and protonated versions.

Figures 9 and 10 show the distribution of electrical
charges in the neutral and protonated versions of the
inhibitor molecule. These graphs allow us to identify the
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parts of the molecule that interact with the metal surface
at very high electron densities. These graphs demonstrate
how protonation significantly lowers the electron
density on the hetero atom and how the electrical charge
distribution resembles that of a neutral molecule’s LUMO.
Table 4 data displays the inhibitor molecule’s neutral and
protonated quantum chemical properties.

The energy of the highest occupied molecular orbital
decides the tendency to donate the electrons to the surface

iron atoms'’. The protonated form has a higher energy
for HOMO than the neutral form, hence the protonated
form has a relatively more tendency to donate electron
pairs to the metal atoms on the surface of the metal than
the neutral form. The energy of the lowest unoccupied
molecular orbital decides the tendency of the inhibitor to
accept the electrons from the metal atoms'. The lower the
energy of LUMO higher the tendency to accept electrons
from the filled orbitals of metal atoms. In the present case,

Figure 10. The electronic charge distribution in the a) HOMO and b) LUMO of protonated inhibitor molecule.

B 28 | Vol 10 (1&2) | January-December 2023 |

ScieXplore: International Journal of Research in Science



Kumar et al.,

Table 4. Quantum chemical parameters calculated for the neutral and protonated forms of the inhibitor molecule

S. No. Quantum chemical parameters Neutral molecule Protonated form
1 Total energy (eV) -2284.58666 -2297.68037
2 ELUMO (eV) -0.446 -0.183
3 EHOMO (eV) -9.708 -8.699
4 AE (eV) -9.262 -8.516
5 Ionization potential (I/eV) 0.446 0.183
6 Electron affinity (A/eV) 9.708 8.699
7 Hardness (n/ev) -4.631 -4.258
8 Softness (S/eV) -0.107968041 -0.117426022
9 Electronegativity (x) 5.077 4.441
10 Electrophilicity (w) -2.782976571 -2.31593248
11 Fraction of electrons transferred (A N) -0.207622544 -0.300493189
12 Dipole moment 3.12548 3.64309

the neutral form of the inhibitor molecule has a relatively
lower value for the energy of LUMO than the protonated
form". Hence, the back donation is much more
favourable in the neutral form of the inhibitor molecule.
The lower the ionization energy higher the tendency to
donate electrons for bond formation and hence higher
the corrosion inhibition'> '*2!. In the present case again
the protonated form has a relatively lower ionization
energy than the neutral form and hence it must show a
relatively higher contribution to the corrosion inhibition
efficiency'. Similarly, the inhibitor molecule with lower
electron affinity has more tendency to donate electrons
for the bond formation. The protonated form with a lower
electron affinity than the neutral form may have more
electron donating tendency than the neutral form. In
general, all the quantum chemical parameters calculated
suggest that the protonated form must show a relatively
higher contribution to the observed corrosion inhibition
than the neutral form of the inhibitor molecule.

4. Conclusion

The following are important conclusions arrived at in the
present study.

i. The drug molecule that has expired may still be use-
ful as a corrosion inhibitor in solutions of HCI and
H,SO,.

ii. The inhibitor’s efficacy in inhibiting corrosion rose as
concentration did, peaking at an ideal inhibitor con-
centration of 100 pM.
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iii. The weightloss and electrochemical impedance stud-
ies suggested that a protective film is formed on the
metal surface in acid media to reduce corrosion.

iv. The potentiodynamic polarization studies implied
that the inhibitor is of mixed type.

v. Quantum chemical calculations suggested that the
protonated form of the inhibitor molecule has a rela-
tively higher contribution to the observed corrosion
inhibition efficiency than the neutral form.
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