Expired GlucoredForte Drug: Eco-Friendly Corrosion Inhibitor for
Mild Steel

ABSTRACT |

Expensive casualties can occur if the basic corrosion control technology does not properly check.
Repurposing expired GlucoredForte drugs as corrosion inhibitor reduces waste and promotes
environmental sustainability. The present work investigated the corrosion inhibition of mild steel using an
expired GlucoredForte drug in 2 M HCI solution. The inhibitive properties of mild steel in 2 M HCI solution
were evaluated at various temperature range of 30°C — 50°C using weight loss measurements. The
expired GlucoredForte drug showed efficiency of 85.7% at concentration of 300ppm. The spontaneous
adsorption of the GlucoredForte drug on a mild steel surface is indicated by the negative values of Gibb’s
free energy (AGCags) which ranged from -14.52 kJ/mol to -22.57 kJ/mol, and the mechanism of adsorption
is physisorption. The endothermic process of the adsorption of the GlucoredForte drugs on the mild steel
surface is shown by the positive values of AH°. The negative values for entropy entail that the adsorption
behaviour is accompanied by a decrease in entropy. The results showed that inhibition efficiency
increased with increase in concentration of inhibitors and decreased with increase in temperature. The
presence of heteroatoms such as Nitrogen and Oxygen, as well as the presence of 1m-bonds in the
aromatic rings strengthened the observable effect of Glibenclamide molecule and facilitated surface
interaction.
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1. INTRODUCTION

“Costly crisis can result in negligence of the crucial corrosion guard technology. This is why corrosion protection
techniques are to be considered at the stage of design to avoid casualties. Protection of metals is of technical, economic,
environmental, and aesthetical importance. One of the best choice of protecting metals and alloys against corrosion are
the use of inhibitors” [1-3, 31].

“One of the hazardous materials in the surroundings is the expired drugs which cause the death of over 2000 children
every year” [65]. “The expired drugs were wasted in the holes in a desert in some countries which leads to the pollution of
the underground water” [4 -10, 12, 50,51,52,53, 55]. This problem draws the attentions of Reda Abdel Hameed [55] to
search for the new applications of the expired drugs, and was used first time as corrosion inhibitors for the metals and
alloys by Abdelhameed 2009 and 2011, [11-16,17]. “The expired ranitidine drugs was applied as potential nontoxic eco-
friendly inhibitor for the corrosion of aluminum in hydrochloric acid solution, his work drawn the attention of the several
other scientists and researchers to study many of the expired drugs materials as corrosion inhibitors”[16-21]. “In recent
years, many scientists in the field of corrosion inhibition are looking at the eco-friendly and potential nontoxic corrosion
inhibitors known as green corrosion inhibitors. One of the most recent efforts is the use of expired drugs to solve not only
the problem of soiled waste accumulations but also to produce a potential nontoxic corrosion inhibitor. The application of
expired drugs in the protection of metals follows the green chemistry concepts. It was also noted that, the process of using
expired drugs as corrosion inhibitors does not involve any waste for as it was taken from the drug market directly to the
laboratory, where it was used in their pharmacological form in very few concentrations which is safe for humans and the
environment” [2, 55 - 62].



This work is aimed at recycling the expired Glucored Forte drugs as eco-friendly corrosion inhibitor for the mild steel used
in manufacturing of petroleum pipe lines. “In addition, the deformation capacity of expired Glucored Forte drug to stick to
the mild steel surface shall be explored through the DFT method” [54]. The organic molecule structure (Glibenclamide)
present in expired Glucored Forte drug is as shown in Figure 1.
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Figure 1: Structure of glibenclamide molecule

2. METHODOLOGY

2.1 Material preparation
The mild steel coupons of dimensions 5¢cm x 4cm were mechanically press-cut. These coupons was buffed with
SiC abrasive paper, degreased in ethanol, dried in acetone, weighed and stored in a moisture free desiccator. [20-22].

2.2 Preparation of Solutions

2 M HCI solution was prepared distilled water and a calculated amount of the raw acid solution. The Expired
GlucoredForte drug was prepared in concentrations ranging from 100ppm to 300ppm and a solution without the presence
of expired GlucoredForte drugs was taken and kept for reference as the Blank solution. “Tests were conducted under total
immersion conditions in 100ml of the test solutions maintained at 30-50°C. The pre-cleaned and weighed coupons were
immersed totally in beakers containing the test solutions” [23].

2.3 Determinations of Corrosion Rates

Weight loss variations were monitored at interval of 2 hours, for a total of 8 hours. After predetermined time, the
mild steel specimens immersed were from the test solutions, scrubbed with iron sponge and washed with acetone to
remove traces of moisture. The mild steel specimens were then re-weighed. From the change in the weights of the
specimens, the corrosion rates were calculated by the formula used in Essien et al. [28]:

2.4 Molecular modeling

The computation of semi-empirical parameters for the molecule was done using the PM7 Hamiltonian in the STO-6G
software. The molecular mechanics, Ab initio, and DFT level were used for the full optimization. The Hyperchem release
8.2 packages was used to carry out the single point DFT calculations. “DFT setting (MP2 inclusive) in the package were,
Basic set: 321-G, iteration = 50, spin pairing = unrestricted Hartree Fock, convergence limit = 1E-0.05 and Spin multiplicity
=1 (for zero charge and 2 for +1 and -1 charges)” [54].



3. RESULTS AND DISCUSSION

3.1 Gravimetric studies

The gravimetric experiment was carried out and the expired Glucored Forte drug was used as the inhibitor [54]. it was
observed that the weight loss measurements increase with an increase in time but decrease with an increase in
concentrations of the expired Glucored Forte drug (Table 1). Many researchers also reported a similar observation [54].
The weight loss measurements with time at 30° C is shown in Figure 2, and related trends were observed at 40°C and

50°C.
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Figure 2: Weight loss versus Time in the absence and presence of different concentrations of expired Glucored Forte at
30°C.

Table 1: Calculated values of inhibition efficiency (%l), surface coverage (0) and corrosion rate (CR) of mild steel
corrosion in different concentration of GLU

303 K 313 K 323 K
Con CR CR CR
Inhibitor ( ° C)' (mml/yr) | (mml/yr) | (mm/yr) |
0 0 0
X 103 (%) X 103 (%) X 103 (%)
Blank 1.750 - - 1.380 - - 2.000 - -
100 0.686 0.608 60.8 0563 0592 59.2 0.930 0.532 532
GLU

200 0.438 0.750 75.0 0500 0.678 67.8 0.810 0.594 594

300 0.250 0.857 85.7 0438 0.683 68.3 0.680 0.656 65.6

The Glucored Forte drug displays corrosion-inhibiting effects at all concentrations reaching a maximum inhibition
efficiency of 85.7 % at the concentration of 300 ppm and more efficient at 303 K (Table 1). A similar result was also
reported by Paul et al. [26], Essien et al. [28] and Dohare et al. [29], and it indicates partial desorption of the molecules
from the Mild Steel surface [54].

3.2 Temperature effect

The gravimetric measurements were carried out in order to study the temperature dependence [29]. The table 1 shows
the inhibition efficiencies as a function of concentrations. From table 1, it is shown that the inhibition efficiency increased
with increase in the concentration of the inhibitor [30]. This is also observed in most literature [16,29,31-34]. The surface



coverage of the substrate by Expired Glucoredforte Drugs attended an optimum level within 8 h. This was noticed with the
high efficiency of 85.7 % after 8 h. The results indicate that the highest concentration of the Expired Glucoredforte Drugs
at 303 K gives maximum inhibition efficiency. It was reported by The Mechanism of physisorption was observed as the
results showed that inhibition efficiency decreases with increase in temperature. A similar result was observed by Khaled
et al. [19]. It could be examined from the results that inhibitor concentrations increase as the corrosion rates decreases,
thus leading to an increase in the inhibition efficiency. The adhesion of Expired Glucoredforte Drug molecules on mild
steel surfaces were studied using adsorption isotherms [20,21,35] and Essien et al [28]. The interaction of metal surfaces
and inhibitor as reported by Umoren [11] are well understood by Adsorption isotherms. The degree of surface coverage
values (8) at different inhibitor concentrations in 2 M HCI solutions were evaluated from gravimetric measurements at 303
K — 323 K and tested graphically for fitting to a suitable adsorption isotherm [20- 23,25,27,31, 54].

The Temkin isotherm model was best fitted with correlation coefficients (R2) ranging from 0.9952 = R2 = 1.0000. A similar
observation was made by Obot and Obi-Egbedi [23]. The low values of Kads indicates weak interaction between the
Expired Glucoredforte Drug molecules and the mild steel surface which entails electrostatic interaction (Physisorption)
[24,36]. The spontaneous process was due to the negative values of AG°ads [25,30,31, 54].

Table 2: Adsorption parameters from Temkin isotherm for Mild steel coupons in 2 M HCIl containing different
concentration of expired GlucoredForte drug at 30-50°C.

ADSORPTION PARAMETERS

Temp. (K)
Slope Intercept Kads -AG(KJ/mol) R?
303 0.125 0.49 50.40 19992.85 0.9952
313 0.045 0.55 202804.96 42251.65 0.9959

323 0.060 0.47 2514.93 31812.54 1.0000




In Table 3, the activation energy values increase in the presence of expired Glucored Forte drug. The adsorption of the
expired Glucored Forte drug took place on the higher energy sites. The blocking of the active sites was related to an
increase in the activation energy of mild steel corrosion in the inhibited state [37]. The higher value of Ea in the presence
of inhibitor compared to that in its absence and the decrease in the inhibition efficiency (%) with rising in temperature is
deduced as an indication of physisorption [54, 60 - 62].
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Figure 3: Temkin adsorption isotherm plot as 6 versus In C for Mild steel coupons in 2 M HCI solution containing different
concentration of expired GlucoredForte drug.

0 -
05 - # Blank
B 100 ppm
1 - 200 ppm
e 15 A % 300 ppm
L=
o -2
3 2.5
3 4 l; ¢ ::
3.5 4
-4 . T
0.0033 0.0032 0.0031

1/T(K*)

Figure 4: Arrhenius plot as log CR versus 1/T for mild steel coupons in 2 M HCI containing different concentration of
expired Glucored Forte drug.
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Figure 5: Transition State plot as log (CR/T) versus 1/T for mild steel coupons in 2 M HCI containing different
concentration of expired Glucored Forte drug.

The figure 5 showed the transition state plot [6,31]. In table 3, the computed values of the activation parameters for the
dissolution of mild steel at various temperatures are shown. “The positive values of AH® and negative values of the AS° in
table 3 reflects the endothermic behavior of the adsorption of the expired Glucored Forte drug on the mild steel surface
[22,25,28]. The interaction of the organic compound in the aqueous phase [org (sol)] and water molecules at the electrode
surface [H20(ads)] is considered as a quasi-substitution process” [30]. As such, the adsorption of expired Glucored Forte
drug is accompanied by desorption of water molecules from the surface of metal steel [54, 57-59].

Table 3: Activation parameters for Mild steel in 2 M HCI containing different concentrations of expired Glucored Forte drug
at 30-50°C.

expired ACTIVATIONPARAMETERS
Glucored Forte
drug AH AS Ea Ax 103
Conc. (ppm)  (KJ/mol)  (J/mol K1) (KJ/mol) (J/mol K1)
Blank 0.5641 85.05 0.2893 0.0015
100 1.3090 79.35 1.0235 0.0005
200 2.6141 79.95 2.3080 0.0003

300 4.2732 80.83 3.9392 0.0002




The algebraic sum of the adsorption of the expired Glucored Forte drug and desorption of water molecules are the
obtained thermodynamic parameters [37]. Hence, the increase in entropy is due to the increase in solvent entropy [38, 39,
56].

3.3 Global molecular reactivity

In Table 4, the quantum chemical parameters were computed using the STO-6G software [28,40]. The figures 7 and 8
showed the HOMO and LUMO molecular orbitals of the Glibenclamide molecule respectively. The positive and negative
sites of adsorption are represented by the blue and maroon orbitals respectively. The difference in energy of the highest
occupied molecular orbital (EHOMO) and that of the lowest unoccupied molecular orbital (ELUMO) defined the reactivity
of a chemical species.

Table 4: Molecular properties of Glibenclamide calculated using DFT at the RHF/STO-6G* basis in aqueous phase

Etomo ELumo AE M IE AE X n S w AEp.q
(eV) (eV) (eVv) (debye) (eV) (eVv) (eV) (eV) (ev)? (eV) (eV)

GLI -0.1394  -0.0467  -0.0927 4716.06 0.1394  0.0467  0.0931  0.0464 21.58 -0.0233 -0.0116

Figure 6: The optimized geometries of the Glibenclamide molecule.

The theoretical aspect of the Glibenclamide molecule was examined with DFT method at the RHF/STO-6G* level. The
electronic parameters of the molecule were correlated with inhibition efficiencies. Quantum chemical parameters like
EHOMO, ELUMO, dipole moment, energy gap, ionization energy, electron affinity, etc. were obtained in this study. It
could be seen in figure 7, that the HOMO s distributed around the central aromatic ring of benzene and Sulphur atom of
the molecule, whereas the LUMO shown in figure 8 is distributed around the central aromatic ring of benzene alone. “The
high HOMO energy in the molecule confirms the donating ability of the glibenclamide molecule to unoccupied d-orbital of
the metal indicating physical adsorption. The tendency of accepting electron from the surface of the metal was confirmed
by the low LUMO energy. Moreover, the gap between LUMO and HOMO energies (AE) level of the molecule play a vital
role in determining the efficiency of the inhibitor. The smaller the energy gap (AE), the more efficient is the inhibitor” [35,
36].

It has been reported by many researchers that, the reactivity of the chemical species depends on the energy gap, AE
[25,40]. From the result in Table 4, the energy gap, AE of the glibenclamide molecule is -0.0927 eV. “The distribution of
HOMO and LUMO is mainly situated at the nitrogen, and oxygen atoms in substituent groups. This kind of distribution



favors the parallel adsorption of amide derivative inhibitor onto the metal surface” [6,41]. This entails that the
glibenclamide molecules donate and accept electrons from the Fe atom to form a back-donating bond [42, 54].

“The value of EHOMO was used in estimating the ionization energy, IE. In this case, Fe (in mild steel) and glibenclamide
molecules are brought together, thus, electrons will flow from the lower system with lower electronegativity (inhibitor) to
the system with higher electronegativity until the chemical potential becomes equal” [15,40, 43, 54]. The trend for the
variation of inhibition potentials of the amide derivative agrees with experimental findings.

The measured polarity of a polar covalent bond is called the dipole moment, p [44]. The negative total energy as shown in
table 4 indicates that the glibenclamide molecules is a very stable molecule and is less prone to be broken apart. The
dipole moment, u of the glibenclamide molecules is 4716.06 Debye which is higher than that of H20 (1.87 Debye) [28,44].
The adsorption between the glibenclamide molecules and metal surface is stronger probably due to the high values of
dipole moment [49].

Figure 7: The Highest Occupied Molecular Orbital (HOMO) Density of Glibenclamide Molecule Using DFT at the
RHF/STO-6G* Basis Set Level

Figure 8: The Lowest Unoccupied Molecular Orbital (LUMO) Density of Glibenclamide Molecule Using DFT at the
RHF/STO-6G* Basis Set Level



Figure 9: Molecular electrostatic potential-mapped density of Glibenclamide molecule

4.2.4 Mulliken population analysis

The more negative the atomic charges of the absorbed center are, the easier the atom donates electron to the
unoccupied d-orbital of metal [45-47]. Table 5 shows the calculated Mulliken atomic charges for Glibenclamide molecule
calculated using DFT at the RHF/STO-6G* basic level.

Table 5: Mulliken atomic charges for the Glibenclamide molecule (GLI)

Atom _Charge

1C 4.0000
2C 3.9999
3C 3.9968
4C 3.9999
5C 3.9978
6C 4.0210
70 6.0000
8Cl 4.9830
9H 1.0009
10H 1.0000
11H 1.0006
12C  3.9980
13C  3.8303
14C  2.8051
15C 1.1614
16C  -0.1439
17C  -3.5616
18C  -3.9999
19C  -3.9987
20C  -2.5104
21S -2.0001
22N -3.0000
23C  -4.0000
24N -3.0000
25C  -4.0000
26C  -4.0000
27C  -4.0000
28C  -4.0000
29C  -4.0000
30C  -4.0000
310 5.9991
32C  4.0000
330 -2.0000
340  -2.0000

35N  4.9850



360  -2.0000

37H -1.0000
38H 0.9944
39H 0.9981
40H 0.9204
41H 0.9361
42H 0.4294
43H -0.9988
44H -1.0018
45H 0.1585
46H -1.0000
47H -1.0000
48H -1.0000
49H -1.0000
50H -1.0000
51H -1.0000
52H -1.0000
53H -1.0000
54H -1.0000
55H -1.0000
56H -1.0000
S57H -1.0000
58H 1.0000
S59H 1.0000
60H 1.0000
61H -1.0000
62H 0.9997
63H -1.0000

The result reveals that most of the Nitrogen atoms, all the Sulphur atoms, a few Hydrogen atoms, some Carbon and
Oxygen atoms carry negative Mulliken charge densities, indicating possible sites of adsorption on the surface [49].
Moreover, some carbons atoms and most of the hydrogen atoms carry positive Mulliken charge densities. This specified
the sites in which the molecules could accept electron from the metal un-occupied d-orbital as also reported by Eddy et al.
[17].

4. CONCLUSION

The expired Glucored Forte drug was found to act as an effective corrosion inhibitor for mild steel in 2 M HCI solution and
its inhibition efficiency related with different concentrations and chemical structures. Weight loss measurements were
conducted at 303 K — 323 K to examine the corrosion inhibitive behavior of mild steel in 2 M HCI solution. The results
confirmed that inhibitor efficiency had increased with increase in inhibitor concentration and decreased with increase in
temperature and immersion time. The adsorption process of the expired Glucored Forte drug on mild steel surface favors
a physical adsorption mechanism and is best described by the Temkin adsorption isotherm. The expired Glucored Forte
drug adsorbed both as cationic species and molecular species as make known by quantum chemical analysis.
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