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ABSTRACT

This study assesses the corrosion inhibitory impact of expired Glibenclamide medication on carbon
steel (CS) degrading in 1 M HCI. To assess the corrosion rate, weight loss (WL) and electrochemical
methods were employed. The weight loss technique results show that raising the concentration and
temperature of glibenclamide improves inhibitory efficiency. The greatest inhibitory efficiency was
84.5% at 300 ppm and 318 K. The substance adsorbs on the CS surface according to the Temkin
adsorption isotherm. Electrochemical methods used in this study included potentiodynamic polarization
(PP), electrochemical impedance spectroscopy (EIS), and electrochemical frequency modulation (EFM).
The addition of glibenclamide decreased the corrosion current density (icor) While marginally changing
the corrosion potential, indicating that it is a mixed-type inhibitor. The addition of varying doses of
glibenclamide to the corrosive medium reduces the double layer capacitance (Cq) while increasing the
charge transfer resistance (R.). Different surface characterization techniques were employed to assess the
compound's influence on the CS surface, scanning electron microscopy (SEM), Fourier transform infrared
spectroscopy (FT-IR), atomic force microscopy (AFM) and x-ray photoelectron spectroscopy (XPS),
were employed. The results support the compound's adsorption onto the CS surface. The molecular
inhibitory effect of glibenclamide is demonstrated via quantum chemical calculations and molecular
simulations. The results showed that the estimated compound adsorbs to the carbon steel surface.
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1. INTRODUCTION

Corrosion is a serious concern for a variety of industries, including transportation, oil and gas,
construction, and aerospace. Its negative consequences include material degradation, structural failures,
and safety concerns, which can have serious economic and environmental consequences [1-7].
Furthermore, conventional corrosion management methods frequently rely on the use of toxic and
harmful chemicals, which pose significant threats to both human health and the environment [8-10]. As a
result, there is an urgent need to produce long-lasting corrosion inhibitors that are efficient, cost-effective,
and ecologically friendly [11]. Corrosion inhibitors originating from natural sources, such as plant
extracts, essential oils, and natural polymers, have high potential for long-term corrosion prevention.
These inhibitors have three significant advantages: they are non-toxic, biodegradable, and create little
environmental damage. These inhibitors work by attaching to metal surfaces and producing protective

508



AJBAS Volume 5, Issue 1V, 2024 El Maksoud, et al

layers, which effectively resist corrosion [12—14]. Carbon steel is utilized in corrosive environments such
as offshore oil, gas, and other industries due to its superior mechanical properties and corrosion resistance
[15-17]. Corrosion inhibitors, used in low concentrations in acidic solutions, have emerged as an essential
strategy for metal protection, with the goal of reducing corrosion of metallic components [18-20].
Sulfonylurea derivative inhibitors have garnered a lot of attention as one of the most fully investigated
inhibitors in recent years due to their great performance. They have properties such as low toxicity, no
unpleasant odor, and good thermal stability. The adsorption effectively prevents contact between
corrosive media and metal surfaces, resulting in excellent corrosion inhibition performance [21-25].
Many drugs' have been investigated as corrosion inhibitors of steel [26-41].

The current research aims to evaluate expired Glibenclamide as a corrosion inhibitor for CS corrosion
in 1.0 M HCI. This examination is conducted using WL. The effect of temperature on the corrosion rate
of CS is carried out to determine the type of adsorption isotherms and to calculate the thermodynamic
parameters of activation and adsorption processes. Electrochemical techniques used in this study were PP,
EIS, and EFM. The surface examinations were conducted using AFM, SEM, EDX, FT-IR, and XPS
analyses. Quantum-chemical study of the corrosion inhibition of CS in acidic solutions using expired
Glibenclamide drug.

2. RESOURCES AND PROCEDURES
2.1 RESOURCES

Table 1 Chemical makeup percentage of CS employed in this study
Carbon | Manganese | Phosphorus | silicon | Chromium | Nickel | Sulfur | Copper | iron

0.14 0.52 0.05 0.02 0.03 0.02 0.04 0.02 rest

The degradative solution of 1.0 M, 35% hydrochloric acid utilized and 1000 ppm expired
Glibenclamide drug stock solution was formulated, preferred doses (50-300 ppm) of inhibitor,
Glibenclamide, for CS corrosion were determined by using different processes.

Table 2 the molecular configurations, nomenclature, chemical composition and molar mass of
Glibenclamide

chemical
Configuration Nomenclature Molar Mass
Composition

000

W/ )L
0 \N NH Benzenecarboximidic acid, "
H 5-chloro-N-[2-[4-[[[(E)- O:
Cl \ @ (cyclohexylimino)hydroxym | 493.143 Da %
H ethyllamino]sulfonyl]pheny :E.s
0 llethyl]-2-methoxy 3

O,
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2.2. PROCEDURES
2.2.1 WEIGHT LOSS EXAMINATION

CS samples (7 pieces) each measuring (2 x 2 x 0.1 cm) employed, softened using sandpapers of
varying grades (400-1200), until the metal sheets had a mirror-like finish. They were degreased with
alcohol, rinsed by bidistilled water, dried and reweighed. Glibenclamide prepared in various
concentration with one hundred milliliters hydrochloric acid of one molar concentration mixture prepared,
another one prepared as blank, metal sheets then dipped in previous mixture for precise intervals (30, 60,
90, 120, 150 and 180 min.). After each interval, metal samples were removed from the solution, washed
with bidistilled water, dried and reweighed.

Eq. (1) for inhibition efficiency (IE %) and surface coverage (8) of Glibenclamide [42]:

IE% = (1—[-] ) x 100 =0 x 100 1)

W, represent mass loss for CS without Glibenclamide and W represent mass loss for CS with

Glibenclamide.
2.2.2 ELECTROCHEMICAL PROCEDURES

Potentiodynamic polarization, EIS, and EFM are employed in this study to identify CS corrosion, in a
glass cell three electrodes were employed. Saturated calomel electrode, represent reference electrode, (1
cm?) platinum sample represent a counter electrode, and (1 cm?) CS sample represent a working
electrode. Before each experiment, CS sample is softened using emery papers of varying grades then
degreased and cleaned with bidistilled water then dried using filter papers, the open-circuit potential
monitored for 30 min. and recorded till steady state reached.

2.2.2.1. P.P. PROCESSES

In this study plots of tafel were obtained by automatically varying the potential of electrode (E,y) from
—0.750 to — 0.250 V, electrochemical current density of corrosion then determined.

From these measurements by Eq. (2), inhibition efficiency, surface coverage were then estimated [43]:

IE%:(l—[M])wa:exlOO )

icorr(blamk)
icorr (blanky FEPresent corrosion current densities without Glibenclamide, icorr inny With Glibenclamide
2.2.2.2. E.1.S. PROCESSES

Assessment of impedance were carried out in frequency range of 100 KHz to 0.1 Hz utilizing 5 mV
amplitude. Eqg. (3) calculated IE% and 6 from (EIS) data [44]:

IE% = (1— [=] ) x 100 =6 x 100 3)

ct
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The resistances to charge movement R°, in absence of Glibenclamide plus resistances to charge

movement R in presence of Glibenclamide

Eq. (4) calculated capacitance of double layer (Cy) measurements for varying concentration [45]:

Cal = ———— (4)

2TfmaxRet

fmax represent maximum frequency value.
2.2.2.3 EFM PROCESSES

EFM procedure represent rapid plus effective strategy for assessing the carbon steel (CS) degradation
without needing to know the Tafel slopes. EFM was conducted with signal amplitudes of ten mV and two
sine waves of two and five Hz. prominent one utilized for identify causality coefficients (CF-2 & CF-3),
current density of corrosion (icr) and Tafel slope (Ba & Bc) [46].

2.2.3. SURFACE PROCESSES

Various analyses were conducted to survey the outer layer morphology of CS once exposure to
degradative solution in addition with high concentration of Glibenclamide for a full day at 25°C. Surface
roughness of the CS was assessed using atomic force microscopy (AFM), Thermo Fisher Nicolet 1S10
(scanning probe microscope) was employed. The mass percentages of the surface components were
determined using (SEM; JEOL JSM-5500, Japan), images taken at a magnification of x2000. XPS applied
to identify the binding energies of various bonds discovered on CS surface, K-ALPHA (Thermo Fisher
Scientific, USA) was used. FTIR spectra of pure solutions of Glibenclamide and CS using a PerkinElmer

1600 spectrophotometer.
2.2.4 SIMULATION PROCESSES

Quantum chemical indicators identified by MSD Mol440 were by applies density functional theory
(DFT) [47], the calculated indicators for Glibenclamide included (o) softness, (1) molecular polarity, (X)
electronegativity, () ionization potentials, (ELumo) lowest unfilled molecular orbital, () hardness, (AE)

energy gap and (Enomo) highest filled molecular orbital.

3. FINDINGS AND ANALYSIS
3.1. MASS REDUCTION EXAMINATION
3.1.1. GLIBENCLAMIDE CONCENTRATION EFFECT

Figure 1 depicts the reduction of CS mass in an aggressive solution containing 1 M HCI in the absence
and presence of various concentrations of Glibenclamide. Table 3 summarizes the mass loss data, the
corrosion rate decreases and the inhibition efficiency decreases with the increasing of the inhibitor

concentration [48]. Inhibition efficiency (IE %) for CS degradation was estimated using Eq. (1).
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Figure 1 graphs mass reduction over time for degradation of CS in one molar hydrochloric acid,
both in varying concentration of Glibenclamide and in its nonexistence

Table 3 values recorded from weight loss (WL) for carbon steel degradation at 120 min. in one

mm 50

== 100
81| mm 150
== 200
mm 250
64| —3300

mm one molar HCI

ppm
ppm
ppm
ppm
ppm
ppm

Weight loss, mg em2
D

60

120 180

T, minutes

molar hydrochloric acid, both in varying concentration of Glibenclamide and in its nonexistence

Concentration Temperature WL Keorrx107

ppm K mg cm’ mg cm™ min™ (¢} % IE

Blank 6.4 53.33 - -
50 3.08 25.64 0.519 51.9
100 298 2.85 23.76 0.554 55.4
150 2.56 21.36 0.599 59.9
200 2.38 19.82 0.628 62.8
250 2.16 17.97 0.663 66.3
300 2.06 17.17 0.677 67.7

3.1.2. TEMPERATURE EFFECT

Table 4 shows how the temperature influences the rate of CS breakdown in 1 M HCI, as well as various
Glibenclamide dosages. According to the results, the corrosion rate increases rapidly with temperature.
Figure 2 shows the variation of inhibition efficiency with the Glibenclamide dosages. The inhibition

efficiency increases as the temperature increases. This indicates that Glibenclamide has a chemical

adsorption on the CS surface [49].
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Figure 2 Graphs distinct temperature effect on IE% for CS in degradative acid solution at varied
concentration of Glibenclamide.

Table 4 Weight loss (WL) values for carbon steel degradation post 120 min. in degradative acid
both without plus with varying concentration of Glibenclamide at distinct temperature

. Temperature | WL, | Keorrx107
Concentration pK mg | mgem? 0 IE%
ppm cm? min?

Blank 7010 | 58420 | <o | -
50 2.87 26 0.5549 | 55.49
100 303 2.87 23.92  10.5905 | 59.05
150 259 | 21.59 |0.6302] 63.02
200 239 | 1993 |0.6588 | 65.88
250 2.25 1875 | 0.6790 | 67.90
300 208 | 1725 |0.7063 | 70.63

Blank 9.62 80.1 - -
50 3.85 | 3207 |0.6001 | 60.01
100 345 | 2874 | 0.6416 | 64.16
150 308 3.01 | 2508 | 0.6872| 68.72
200 263 | 2191 07267 72.67
250 253 | 21.07 _10.7372| 73.72
300 229 | 19.16 | 0.7611 | 76.11

Blank 12.82 | 106.8 - -
50 458 | 3818 |0.6426 | 64.26
100 313 406 | 3385 06831 | 6831
150 339 | 2833 | 0.7347 | 73.47
200 325 | 27.06 | 0.7466 | 74.66
250 2.81 | 2344 |0.7806 | 78.06
300 246 | 2053 | 0.8078 | 80.78

Blank 1542 | 1285 ; ;
50 521 | 4337 | 0.6625| 6625
100 430 | 3585 |0.7211| 72.11
150 218 3.81 | 31.73  |0.7531 ] 7531
200 335 | 27.89 |0.7829 | 78.29
250 3.05 | 2545 |0.8020 | 80.20
300 2.54 | 20.92  |0.8449 | 84.49
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3.1.3. ACTIVATION THERMODYNAMIC PARAMETERS

The corrosion rate of the reaction is influenced by the temperature; Eq. (5) specifies this relation
according to Arrhenius Eq. (5) [50-51]:

kcorr = A .exp (-Ea/ RT) 5)

Where A is the Arrhenius constant, Ea represents the activation energy, T is the absolute temperature, and
R is the gas constant. Figure 3 depicts a straight-line plot of log kcorr vs. 1/T; the slopes of the lines can

be used to compute Ea. Table 5 shows the calculated and reported values for Ea. From the transition state
theory, as indicated in Equation (6):

kcorr = RT/N h exp AS*exp -AH*/ RT (6)

In this equation, AS* and AH* represent the activation entropy and enthalpy. Figure 4 depicts a plot of log
kcorr/T vs. 1/T, resulting in straight lines from their slopes. Table 5 shows the calculation and reporting
of AH*. The data show that the presence of an inhibitor leads to a drop in Ea values, indicating chemical
adsorption. The positive values of AH* indicate the endothermic activation process, which confirms the
chemical adsorption of the investigated inhibitor on the CS surface [52]

= one molar HCI
-0.8 ~ e 50 ppm
A 100 ppm
v 150 ppm
& 200 ppm
-1.0 4 < 250 ppm
ANy ppm
=
oF -1.24
% ¥ R2-0.966
>
€ 1.4
P
S A
o
K ‘\\\
> 2_
S -1.64 < ® R2=0.936
3 \,\ R =i
R2 =0.860
R2=0.974
-1.8 T r . —~ R=0.904

3.15 3.20 3.25 3.30 3.35

1000/Temp, K1

Figure 3 carbon steel degradation in degradative acid solution Arrhenius graph both without plus
with Glibenclamide varying concentration at temperature ranging from (298-318K)

= one molar HCI
e 50 ppm
-3.4 - Aa 100 ppm
v 150 ppm
-3.5 4 < 200 ppm
< 250 ppm
-3.6 4 » 300 ppm
-3.7
-
3.8 4 R2? =0.961

-3.9 <
A
-4.0 4 ‘\\
® 2_
2.1 : mrosm
\; R2=0.914
2.2 figi

R2 =0.825
-4.3

3.15 3.20 3.25 3.30 3.35

Log Kegpp/Temp, mg cm2 min'L K

1000/Temp, K1

Figure 4 Carbon steel degradation in degradative acid solution transition state graph both without
plus with Glibenclamide varying concentration at distinct temperature
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Table 5 carbon steel degradation in degradative acid solution thermodynamic activation values
both without plus with Glibenclamide varying concentration at temperature ranging from (298-
318K)

Concentration E., AH', -AS',
ppm kJ mol™ kJ mol™ J mol*K™

0 37.20 34.60 153.60

50 26.43 23.94 210.6

100 23.02 18.97 212.2

150 22.03 17.31 220.2

200 17.31 14.47 231.9

250 15.55 11.99 237.8

300 13.94 11.79 239.7

3.1.4. ADSORPTION ISOTHERMS
Adsorption of inhibitors on metal surfaces is controlled by metal characteristics and charge, inhibitor
chemical structure, and electrolyte concentration [53]. Eq. (7) describes the Temkin isotherm and aligns

well with the experimental data.

2.303 2.303
0 = (=) LogKags + (=) LogC (7)

Where O is the surface coverage, K is the adsorption constant, C is the concentration, and “a” is the
heterogeneous factor. Figure 5 shows the relation between O vs. log C. where a, Ky and AG®,qs
calculated and recorded in Table 6. Indicated the adsorption isotherm follows the Temkin model in a good

manner.

AG®,4s = — RTIn (55.5 Kags) (8)

Glibenclamide has a strong chemical adsorption on CS surfaces, with increasing AG®,4 approximately

- 40 kJ.mol! .The adsorption process is spontaneous due to the negative value [54]. (AH°ads) was
calculated from Eq. (9) [55]:

AHgds (9)

LogKadas = — 3503kt

Figure 6 represents the relation between log K,gs and 1/T. AH 4 Was calculated and recorded in table 6.

(AS°,4s) Was calculated from Eq. (10).

AGY4s = AHZys — TASSy, (10)

ads
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A previous study found that higher values of AH (more than 40 kJ mol™) and AS (about 100 kJ mol™)
indicate an endothermic and chemisorption process [56]. The presence of non-bonding electron pairs
from Glibenclamide atoms suggests interactions with the CS surface. A positive "a" value implies that the
adsorbed layers are involved with the carbon steel surface. Furthermore, the increase in Ky with

temperature shows that the adsorption equilibrium improves with higher temperatures.

The measured negative entropy values in Table 6 show that Glibenclamide is adsorption rather than

desorption on the CS surface. Increasing AS®,q¢s values. [57]

= 25°%
o]
0854 ® 80°C < e oom
o =o.
4 35°C
0.80 + o v RZ=0.0967
v 40 °C
0.75 4 <« 45°% 2 = 0.975
& 0.70 4
©
L 0.65 -+
S
< 0.60
0.55 4
0.50 4
-1.4 -1.2 -1.0 -0.8 -0.6 -0.4

Log C, Mole

Figure 5 Glibenclamide adsorption onto carbon steel surface graphs 6 versus Log C.
at different temperature (298-318K)
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[ |
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Figure 6 Glibenclamide varying concentration adsorption onto carbon steel surface graphs Log
Kags Over 1/T at different temperature (298-318K)
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Table 6 Temkin isotherm adsorption data for Glibenclamide onto CS surface in degradative acid
solution at distinct temperature

Temperature }Izog A -AG 14 AH a4 -AS' s
K I\;I('jls’ kJ mol™ kJ mol™ J mol K*!
208 4479 | 121 355 119.3
303 4,757 12.7 38.1 126.1
53.7
308 4.875 135 38.4 125.1
313 5.120 13.6 41.1 131.6
318 5.272 15.0 49.8 140.7

3.2. ELECTROCHEMICAL PROCEDURES
3.2.1. P.P. PROCESSES

CS polarization behavior in 1 M HCI in the absence and presence of varying concentrations of
Glibenclamide is illustrated in figure 7. The electrochemical parameters are calculated and tabulated in
Table 7. Ba & Pc denote to the anodic and cathodic Tafel slopes, E¢,r is the corrosion potential, 6 is the
surface coverage, IE% is the inhibition efficiency and i is the corrosion current density. The addition
of Glibenclamide leads to a decrease in i Values, suggesting an effective corrosion inhibitor a mixed-
type function of the inhibitor inferred from minimal changes observed in the Tafel slopes and E, [58].

0.000 - ——one molar HCI
-0.0954 | —50 ppm
—— 100 ppm
-0.190 4 150 ppm
-0.285 4 —— 200 ppm
—— 250 ppm
W -0.380 | _ 300 ppm
9N -0.475 4
(g -
< -0.570
E. -0.665
L
-0.760 4
-0.855
-0.950 4
-1.045 T T T T
1E-5 1E-4 1E-3 0.01 0.1

i, mA, cm'2

Figure 7 Carbon steel degradation in degradative acid solution potentiodynamic polarization graph

with varying concentrations of Glibenclamide
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Table 7 values from the potentiodynamic polarization of carbon steel in degradative acid solution,
both without plus with Glibenclamide varying concentrations

icorr, 'BC Ba kcorry .
Concentration | - Egr, mV WA cm? m\{1 m\{l mpy 0 IE%
ppm vs. SCE dec dec
0 533 1480 210 134 755
50 517 495 187 112 263 | 0.665 | 66.5
100 521 420 173 94 220 | 0.716 | 716
150 522 381 168 91 198 | 0.742 | 74.2
200 511 341 155 85 187 | 0.769 | 76.9
250 518 307 164 80 159 | 0.792 | 79.2
300 515 272 160 75 141 | 0.816 | 81.6

3.2.2. E.1.S. PROCESSES

EIS is used to understand the electrochemical processes that occur on the CS surface in acid solution.

Figure 8 depicts Nyquist plots of CS with and without different concentrations of the inhibitor in 1M HCI.
They are semicircles that move along the real impedance of the x-axis. Metal surface heterogeneity and
frequency dispersion can result in defective capacitance loops. The semicircle radii are modified by the
inhibitor concentrations.
The widths of the capacitance loops are higher in the presence of the inhibitor than in the absence,
indicating that inhibitor molecules can significantly promote the anticorrosion process of CS surface [59].
The concentration of inhibitor molecules adsorbing on the CS surface is proportional to their
concentration. CPE [60-61] can be used to replicate the double-layer capacitance (C4) from Egs. 11 and
12, where w4, IS the frequency that corresponds to the maximum value of the imaginary component of
the Nyquist plot.

Edl = Yo(mmn.r)n_l (11)

Cai = =5 (%) (12)

The correlated equivalent circuit used to model the CS/HCI interface is illustrated in Figure 9; Rs
denotes the uncompensated solution resistance and R denotes the charge transfer resistance (R). Table 7
demonstrates that R, values rise as inhibitor concentration rises. The R value varies from 41 to 116
Q/cm2. This suggests that the inhibitor forms a protective coating on the electrode surface at all
concentrations. As a result, corrosive ions are effectively prevented from coming into contact with the
working electrode. At the same time, the addition of inhibitors reduces Cg levels by establishing a
protective layer on the steel surface. The inhibitor has the best inhibitory efficiency at a concentration of
300 ppm, according to the EIS technique.
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Figure 8 Carbon steel degradation in degradative acid solution EIS spectra, (a) Nyquist and (b)
Bode graph both without plus with Glibenclamide varying concentrations
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Figure 9 circuit model graph utilized for representing EIS measurements
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Table 8 Carbon steel degradation in degradative acid solution EIS values both without
plus with Glibenclamide varying concentrations

Concentration | Rg, Yo. n Ret. Cas
N i ) > °] IE%
ppm cm HQ 's'cm Qcm MF cm.
0 1.90 325 0.970 | 29.0 284.40
50 1.8 259 0.842 41 1104 0.292 29.2
100 1.6 243 0.835 48 100.8 0.395 | 395
150 1.2 216 0.827 | 55.6 85.6 0.478 47.8
200 1.4 209 0.812 | 62.5 76.5 0.536 | 53.6
250 1.9 192 0.801 | 89.8 70 0.677 67.7
300 1.8 186 0.794 | 116.9 69 0.751 | 75.1

3.2.3. EFM PROCESSES

For EFM measurements, two sine waves with frequencies of 2 and 5 Hz are applied to the cell in the
absence and presence of various dosages of the investigated compound. The Tafel constants are not
required because the results are generated instantly using this method [62]. The output current varies in
frequency and is nonlinear. The causality factors (CF-2 and CF-3) obtained by EFM testing are important
because they validate the EFM measurements if their values are close to the theoretical values (2 and 3).
Harmonic peaks in the current's output spectrum undermine the data for CR. The higher the current
density (icorr), the greater the peaks. EFM spectra of CS in 1 M HCI in the absence and presence of
different concentrations are shown in figure 10 and the results are shown in Table 9. As the inhibitor

concentration rose, the i, decreased.
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Table 9 Carbon steel degradation in degradative acid solution electrochemical values both without
plus with Glibenclamide varying concentrations

Concentration | ’ B Ba, Keorrs .
ppm HAcm? [mV dec™ | mV dec™ CF-2 | CF3 mpy 0 IE%
0 929 191 135 18 | 35 | 480 | —
50 497 98 77 1.9 2 263.5 0.481 48.1
100 426.6 97 74 1.7 2.7 223.3 | 0.556 55.6
150 312.2 110 78 1.7 2.3 164.1 | 0.674 67.4
200 299.2 91 70 1.6 2.8 166.6 | 0.688 68.8
250 270.6 107 73 1.8 2.1 140.3 0.717 71.7
300 255 112 84 1.7 2 1325 | 0.734 73.4

3.3. SURFACE PROCESSES
3.3.1. SEM PROCESSES

Carbon steel surface morphologies (SEM) after immersion in one molar hydrochloric acid, both with
the highest concentration (300 ppm) and without the Glibenclamide (blank), for 24 hours at 298K. Figure
11 illustrates the surface damage and pitting in the degradative solution, which is significantly greater
compared to the images obtained with Glibenclamide, development of a shielding layer on CS surface
resulted in reduced damage and pitting observed with Glibenclamide that helps prevent metal degradation
[63].

K/

SEI 20kV WD10mm  SS41 SEI & 20kV WD19mm  SS41 x2,000 10p SEI 30kV. WD19mm « SSa1

1 2 3

Figure 11 CS specimens SEM images: (1) uncontaminated CS, (2) CS immersed full day in
degradative acid and (3) CS immersed full day in degradative acid plus Glibenclamide of
optimal concentration
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3.3.2. AFM PROCESSES

An ideal tool for examining surface topography, AFM and assess inhibition efficacy on CS after
immersion in a degradative acid [64] because it provides nanoscale to microscale three-dimensional (3D)
images of surfaces. Figure 12 displays the 3D AFM images of carbon steel degradation in a degradative
acid, both without plus with 300 ppm Glibenclamide. The mean deviation of surface irregularities
represented by (Rq), the typical variations across the entire texture measurements represented by (Ra).
AFM of carbon steel in degradative solution alone show significant degradation and increased roughness.
In contrast, the presence of Glibenclamide results in less pitting, suggesting development of the shielding
film on CS external layer.

IE% record derived from electrochemical tests plus mass reduction test corroborate observed surface
texture measurements. Consistency between roughness data illustrated in table 10. Indicated less textured
surface of CS suggesting development of the shielding film formed by Glibenclamide.

448n
-122p

-398n

X 10pm

Figure 12 CS specimens AFM scans: (1) before exposure to degradative solution, (2) immersed full
day in degradative acid and (3) immersed full day in degradative acid plus Glibenclamide of
optimal concentration

Table 10 CS specimens surface texture data involvement plus nonexistence of
Glibenclamide optimal dose in one molar hydrochloric acid for one-day

samples Mean surface texture Surface root mean square texture
uncontaminated Carbon steel 48.7 nm 63.0 nm
surface
Carbon steel + one molar
271.7 nm 335.6 nm
hydrochloric acid(blank)
Carbon steel surface + one molar
180.7 nm 238.3 nm

hydrochloric acid + Glibenclamide
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3.3.3. FTIR PROCESSES

Strategy utilized for examining Glibenclamide functional groups adsorbed upon CS outer layer. Figure
13 shows IR spectral data of Glibenclamide and illustrates the development of the shielding film on CS
external layer after 6-hour immersion in degradative acid plus an optimal Glibenclamide concentration
300 ppm. Examining the distinct peaks, minor changes are observed, with some functional group
frequencies disappearing and others shifting as shown in table 11. These changes as a result of
(chemisorption) where interrelation plus bonding of Glibenclamide with outer layer of carbon steel.
Identified peaks indicate the presence of Glibenclamide, which includes heteroatoms serve as active sites
protecting CS by forming a protective layer when exposed to a degradative solution on carbon steel [65-

66] like O and N, as well as & electrons from double bonds.

—— Glibenclamide inhibitor
—— Glibenclamide + (CS) surface

85

80 4 aromatic SP°C-H

% Transmittance

% 951- 634
e
o § 8
A —
70 4 -
5 g
65 =

4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumbers, cm

Figure 13 Glibenclamide FT-IR spectra alone and with carbon steel after a 6-hour immersion in
one molar hydrochloric acid with an optimal Glibenclamide concentration 300 ppm.
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Table 11 FT-IR analysis of Glibenclamide alone and with carbon steel after 6-hour immersion
in one molar hydrochloric acid with an optimal Glibenclamide concentration 300 ppm.

Peak shifts, frequency
Peak frequencies Functional groups represented by changes and new peaks
(cm™) frequencies (cm™) observed after
adsorption
—NH, primary amine Stretching
3368,3295 | e
vibration
3150 SP? (-C-H) Stretching vibration 3012
2952 stretchingSP>*-CcH |
stretching aromatic conjugated (-
1624 | T
C=0) in amide group
1561 —N-H- bending vibration 1598
1470 stretching (C=C) 1435
1243 Alkoxy aliphatic (C-O) 1205
1000 bending -C-N- | -
951-634 bending aromatic SP2 (C-H) 952-544

800 di-substituted in the ortho positions 781
735 di-substituted in the Para positions 710
650 di-substituted in the meta positions 620

3.3.4. XPS PROCESSES

Technique applied to gain deeper understanding of the chemical behavior for Glibenclamide upon the
outer layer of CS. Figure 14 and 15 shows CS outer layer post immersed full day in a degradative acid
plus Glibenclamide of optimal concentration Fe 2p, O 1s, Cl 2p, C 1s, and N 1s XPS profiles data.
Following deconvolution by curve fitting. The complex forms observed in all XPS spectra were attributed
to their corresponding species through a deconvolution fitting process [67-75]. Data analysis
measurements reported at table 12. XPS spectrum verified that a protective film composed of C, O, and N

atoms formed upon outer layer of CS by Glibenclamide.
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Figure 14: Glibenclamide optimal concentration adsorbed upon outer layer of CS XPS spectra
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Figure 15 CS post immersed full day in
a degradative acid plus Glibenclamide
of optimal concentration Fe 2p, O 1s,
Cl 2p, C 1s, and N 1s XPS profiles data
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Table 12 predicted bonds related to various spectra binding energies lists.

Type of scan

Peaks value of binding energies

Predicted bonds

(eV)
710.68 2p3/2 core level electrons of iron in its +2
oxidation state as found in FeO
112,32 2p3/2 core level electrons of iron in its +3
) oxidation state as found in Fe,0; or FeCl;
2p3/2 core level electrons of iron in its +2
714.99 oxidation state as additional peaks
2p3/2 core level electrons of iron in its +3
oxidation state as additional peaks
718.19
2p3/2 core level electrons of iron in its +3
Fe 2p oxidation state as additional peaks
720.35 2p1/2 core level electrons of iron in its +2
oxidation state as found in FeO
724.58 2p1/2 core level electrons of iron in its +3
oxidation state as found in Fe,0;
2p1/2 core level electrons of iron in its +3
727.97 oxidation state as additional peaks
732.89
530.01 Iron in its +3 oxidation state as found in
Fe,O
01 531.27 2
Carbon-oxygen single bond
531.74 ve &
Carbonyls shows up slightly higher in energy
198.54 Chlorine atom in 2p3/2 orbital
Cl2p 200.12 Chlorine atom in 2p1/2 orbital slightly higher
energy
284.5 Carbon atoms bonded to each other in
aromatic ring
285.1
C1s Different carbon bonds with O, N or Cl
288.67
Carbonyl carbon in amides or similar
structures
399.98 Imines or other similar compounds
N 1s
401.04 Nitrogen-hydrogen single bond
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3.4. QUANTUM CHEMICAL AND STATISTICAL PARAMETERS

Quantum parameters, predict the relation between Glibenclamide molecular structure and its
effectiveness against carbon steel degradation, significantly impact the electronic interaction between
carbon steel and Glibenclamide solution. These parameters are presented in Table 13. Glibenclamide
electron concentrations distributions shown in figure 16. Elevated E,omo values suggest a stronger
propensity of Glibenclamide to transfer electrons to vacant d-orbitals of CS, ensure stronger adsorption.
Conversely, a greater propensity for accepting electrons due to Lower E_yvo values. AE indicates
distribution of electron density plus molecules reactivity, molecular stability and reactivity indicated by
data of (n) and (o) [76] as listed in table 12. A higher softness (o) and lower hardness (1) usually correlate
with better inhibition efficiency. Glibenclamide polarity and electron-sharing bonding type represented by
(w), which affected by electron distribution. Generally, hard molecules with larger (AE) are more resistant
to electronic perturbations, while soft molecules with smaller (AE) are more reactive and efficient in
corrosion inhibition due to their ease of electron donation. Glibenclamide function as electron donor,

while carbon steel with its vacant d-orbitals, function as electron acceptor [77].

inhibitor Glibenclamide

Highest
energy
molecular

orbital

Lowest energy

molecular

orbital

Figure 16 Glibenclamide highest energy molecular orbital plus lowest energy molecular
orbital electronic densities distributions.
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Table 12 Molecular quantum metrics for Glibenclamide in solution

) Evomo | ELUMO AE n o Pi X 1)
Metrics
V) | (ev) | V) | (ev) | (ev) | (EV) | (eV) | (Debye)
. . 4.32
Glibenclamide | -6.294 | -1.986 | .* | 2163 | 0.46 | -4.14 | 4.14 | 10.76

4. MECHANISM OF INHIBITION

Adsorption of inhibitors on metal surfaces is influenced by many factors, such as the inhibitor's
chemical structure, charge distribution, and surface type. Previous studies have demonstrated that the
CS surface becomes positively charged when exposed to HCI solution [78-79]. As a result, the
adsorption of hydrated chloride ions (ClI-) on the positively charged metal surface generates an

excessive negative charge towards the solution side.

In the following stage, Glibenclamide occurs in HCI in its neutral form, which is in equilibrium with the
protonated inhibitor form: Glibenclamide's neutral and protonated forms contain oxygen atoms inside
functional groups (O-H, O-CH3, and SO2), sulphur and nitrogen atoms, and m-electrons in the aromatic
ring, all of which are typical of corrosion inhibitors [80]. Consequently, the neutral and protonated
forms of glibenclamide are most likely to interact with the CS in HCI solution, mostly via the following

suggested mechanisms:

(@) Interaction between the CS surface atoms' unoccupied d-orbitals and the unshared electron pair of

the Glibenclamide compound's nitrogen (N), sulfur (S), and oxygen (O) atoms.

(b) Donor-acceptor interactions between aromatic ring electrons and empty d-orbitals on CS surface

atoms.

(c) Glibenclamide may benefit from electron migration from occupied CS surface atoms to anti-
binding molecular orbitals (empty ©n*). As previously demonstrated, organic inhibitor chemicals are
easily protonated in acidic environments. This increases their adsorption on the steel surface through
electrostatic interactions with previously deposited chloride ions (Cl-) on the positively charged CS

surface.

This method relies on the first phase of the chemisorption process to maintain charge transfer between
the inhibitor molecule and the metal surface Given the proposed mechanisms and results, it is reasonable
to predict that chemisorption and electrostatic (physisorption) interactions will dominate in the adsorption
processor of the examined molecule with the CS surface.Fig.17 displays a postulated corrosion inhibition
mechanism for Glibenclamide CS in HCI media based on both experimental and computational

investigations, as well as the above-mentioned analyses.
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Figure 17. Representation of the different modes of adsorption of Glibenclamide on the CS surface.

5. CONCLUSION

Glibenclamide can effectively inhibit carbon steel degradation in a degradative acid solution.
Glibenclamide adsorption fits well with Temkin isotherm. Increasing IE% by higher solution
temperatures plus greater Glibenclamide concentration, indicating chemical adsorption of Glibenclamide
upon outer layer of CS. Potentiodynamic data suggest Glibenclamide a dual-function inhibitor. Double
layer capacitance progressively decreases in presence of Glibenclamide due to formation of safe shield
against degradation upon the external layer of CS, unlike Glibenclamide absence. Measured data obtained
from electrochemical, non-electrochemical, process and surface examination are accurate and reliable.
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