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Abstract
Objectives: To examine the effectiveness of various benzene sulfonamide
derivatives in preventing the corrosion of carbon steel in H2SO4 and to identify
the dominating active form of the used compounds throughout the adsorp-
tion process in order to better understand the mechanism of their action.
Methods: N-(4-(2-Aminothiazol-4-yl) phenyl) benzene sulfonamide (A) and
N-(4-(2-thioxo-1, 2-dihydropyrimidim—4-yl) phenyl) benzene sulfonamide (B)
were the tested compounds and were chosen based on molecular struc-
ture. To examine the effectiveness and mechanism of inhibition, the mass
method (ML) has been combined with a number of electrochemical methods,
including potentiodynamic polarization (PP) and electrochemical impedance
spectroscopy (EIS). Fourier-transform infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), and
atomic force microscope (AFM) techniques also, were used to confirm the
adsorption phenomenon. Findings: The concentration and chemical makeup
of the examined benzene sulfonamide derivatives greatly influence their ability
to inhibit. These substances have mixed-type inhibitory properties and work
by adhering to surfaces in accordance with the Temkin adsorption isotherm.
The investigated benzene sulfonamide derivatives’ ability to inhibit might be
related to their physisorption on the metal surface, which occurs when the
inhibitors’ protonated form interacts with the charged metal surface.Novelty:
This paper provides useful information regarding inhibition effect of benzene
sulfonamide derivatives. The outcome of this work contributes to better under-
standing of the mechanism of inhibition by quantum chemical examination
and Monte Carlo model and to provide more information on carbon steel cor-
rosion for academic and starting researchers.
Keywords: Corrosion inhibition; Carbon steel; H2SO4; Sulfonamide derivatives;
FTIR; SEM; EDX; AFM
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1 Introduction
Metal dissolution is a serious problem which can be reduced, but cannot be completely prevented. One of the most popular,
efficient, and cost-effective ways to protectmetals in an acidic environment is to use corrosion inhibitors to prevent corrosion (1).
The majority of well-known acid corrosion inhibitors are organic compounds with N, S, or O atoms (2) that can adsorb on the
surface of the metal. While many of these chemicals are harmful by nature, nontoxic or significantly less toxic versions have
been developed. Benzene sulfonamide molecules are one of these substances. These substances are part of a crucial class of
substances with a wide range of applications. These substances have shown to be effective corrosion inhibitors. According to
reports, they have no environmental impact at the concentrations seen in corrosion inhibitors (3). Carbon steel is extremely
strong and impact resistant (4). This makes it a popular choice for modern road construction, pipe and support. Like tubes,
carbon steel can be very thin compared to other metals (5). Therefore, carbon steel is used in the petroleum industries such as
acids which corrode metals, as it removes the oxide layer from its surface, increasing the corrosion process (6). According to a
survey of the literature, the employ of organic chemicals as inhibitors of CS corrosion in acidic environments has been known
for quite some time (4,6). Mostafa et al. (7) synthesized azopyrazole-benzenesulfonamide derivative and used it as an efficient
corrosion inhibitor for mild steel in acidic environment. Novel hydrazide derivatives were used as corrosion inhibitors for mild
steel in HCl solution by Farag et. al (8). Thiosemicarbazide derivative was utilized as Anticorrosion inhibitor for mild steel in
0.5 M sulfuric Acid solution (9).

As a result, utilizing ML and electrochemical techniques, the current research describes a study of the corrosion protective
activity of certain sulfonamide derivatives on CS corrosion in solutions of o.5 M sulfuric acid. Efficacy of inhibition at altered
doses of inhibitors in acidic media was investigated and discussed. Temperature effects on CS dissolving in free acids and
inhibited acids solutions were also investigated.

2 Methodology

2.1 Material and solutions

Chemical composition of CSwas as follows:C 0.61%,Mn 0.724%, P 0.013% S 0.254% and Fe balance. Corrosivemedia (Sulfuric
acid): The appropriate volume of pure reagent (98%) was diluted by bi-distilled water and titration was utilized to determine
the acid’s concentration. Inhibitors as below:

Fig 1. N-(4-(2-Aminothiazol-4-yl) phenyl) benzene sulfonamide; Mol. Wt.=331.41; Mol. Formula = C15H13N3O2S2

Fig 2. N-(4-(2-thioxo-1, 2-dihydropyrimidim–4-yl) phenyl) benzene sulfonamide; Mol. Wt. = 343.04; Mol. Formula = C16H13N3O2S 2

In order to create the stock solutions (10-3 M) of the chemicals, ethanol (99%) and DMF were used as organic solvents. By
dilution the chemicals with bi-distilled water, the used concentrations (10 x10-6 to 50 x10-6 M) were created.
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2.2 Chemical methods

We divided the carbon steel into 6 equal parts (20 x 20 x 2 mm). Emery paper is used to mechanically abrade the CS specimen,
and acetone is used to degrease it before being cleaned through bi-distilled water and dried utilizing filter papers before the
investigations begin.The components are weighed after sanding and drying. Glass hooks are employed to ensure that the whole
surface of the CS samples is submerged in the corrosive solution and uniformly attacked. (10) The initial portion is submerged in
0.5 MH2SO4. The remaining fragments are submerged in inhibited acidic solutions with different chemical concentrations (10
x10-6 to 50 x10-6 M).The components are weighed after appointed time.Three hours are spent on the experiment and repeating
this experiment at various temperatures from (25 to 45oC).

%IE = [1− (∆Winh /∆ W f ree)] x100 = θ x100” (1)

CR = ∆W \ at” (2)

Since “∆Winh and ∆W f ree” are, respectively, the corresponding loss in the mass in substance under investigation and absence,
“%IE” is efficacy of inhibition of the substance under investigation, “C.R” is rate of deterioration of CS, and “a and t” are CS area
and time spent immersed, respectively.

2.3 Non-chemical technique

Through the use of the Gamry Framework TM and the Gamry Potentiostat G-750, these procedures were performed three
times. Two separate electrochemical techniques were used to assess CS’s susceptibility to corrosion in 100 ml of half-molar
H2SO4 with and without the researched inhibitors. All of these procedures were conducted in a 25◦C electrochemical glass cell
has three electrode systems. As the working electrode, a 1 cm2 CS specimen is used. The auxiliary electrode is platinum, and
the reference electrode is saturated calomel electrode (SCE). To produce the CS electrode, a CS specimen is joined via welding
from one side and skillfully encased within glass rod, leaving only one direction of CS exposed to the employed corrosive
medium.The CS electrode is cleaned in accordance with the ML procedure. Gamry Instrument (PCI4/750) with computerized
outlines operated electrochemical procedures with DC105 software for PP experiments additional to EIS300 programmer for
electrochemical impedance (ac) spectroscopy methods. For fitting, graphing, and displaying the acquired data. “To obtain the
PP data, the electrode potential was automatically shifted from -1000 to 0 mV vs. SCE at a scan rate of 0.2 mV s-1.EIS was done
using ac signals at open circuit potential in the frequency range of 100 kHz to 0.1Hzwith amplitudes of 10mVpeak-to-peak. (11)

2.4 Surface examination techniques

For all surface examination tests, the CS specimens were prepared as described in ML method before dipping for 24 hours in
half molar H2SO4 without and with 50x10-6 M at 25oC.

2.4.1 Fourier-transform infrared spectroscopy (FT-IR) analysis
Using anFT-IR spectrophotometer that produces an infrared spectrum“(Model 960Mooog,ATIMattson Infinity Series,USA)”,
the function groups of the inhibitor derivatives were examined.

2.4.2 Scanning electron microscopy (SEM ) analysis
This technique gives a photograph of CS before and after immersion. SEMmodel A Jeol JSM-5400 instrument was used in the
investigation.

2.4.3 Energy dispersive X-ray (EDX) analysis
This EDX examination was employed to compare the components on the CS surface prior to and following dipped into the
inhibitor solution.

2.4.5 Quantum calculations
Using Material Studio version 6’s semi-empirical approach (PM3), the entire quantum chemistry study has been conducted.
Semi-empirical methodology was used to calculate molecular orbitals. This technique was employed with comprehensive
geometry optimization.
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3 Results and Discussion

3.1 M L Method

Figure 3 shows mass loss-time curves at which CS dissolves in a half molar of H2SO4 with the exist and non-exist of various
dosages of chemical (A) and chemical (B). The ML of CS in the occurrence of the chemicals has substantially lower than the
blank solution and changes linearly with time. The CS dissolution a half molar of H2SO4 is accompanied by the generation of
soluble corrosion products, according to the linear fitting of the ML-time relation. The examined chemicals’ adsorption onto
the metal surface is what causes the inhibition.

Fig 3. ML-time curves for CS dissolving in a half molar of H2SO4 with the exist and non-exist of various dosages of the investigated
compounds at 25 ◦C

3.2 Temperature impact

Variation of efficacy of inhibition (% IE) of derivatives (A& B) with temperature were dedicated in Tables 1 and 2, respectively.
From these Tables, it was found that, there’s an inverse relationship between temperature and inhibition, indicating inhibitors
physisorption to CS surface. (12)

Table 1. % IE of compound (A) fromML tests at 2hrs dispersion in a half molar H2SO4 at different temperatures from (25-45 ◦C )
Conc., M Temp., o C kcorr mg cm-2min-1 Θ %IE

10 x10-6

25 0.024±0.0012 0.831 83.1
30 0.043±0.0018 0.828 82.8
35 0.056±0.0009 0.796 79.6
40 0.081±0.0011 0.779 77.9
45 0.107±0.0020 0.776 77.6

20 x10-6

25 0.024±0.0015 0.839 83.9
30 0.039±0.0014 0.834 83.4
35 0.054±0.0011 0.8 80
40 0.081±0.0017 0.787 78.7
45 0.107±0.0018 0.783 78.3

30 x10-6

25 0.023±0.0018 0.84 84
30 0.037±0.0021 0.835 83.5
35 0.052±0.0014 0.803 80.3
40 0.079±0.0020 0.795 79.5
45 0.098±0.0012 0.794 79.4

40 x10-6

25 0.022±0.0012 0.855 85.5
30 0.036±0.0012 0.843 84.3
35 0.051±0.0021 0.806 80.6
40 0.074±0.0012 0.795 79.5

Continued on next page
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Table 1 continued
45 0.098±0.0035 0.794 79.4

50 x10-6

25 0.021±0.0009 0.855 85.5
30 0.036±0.0018 0.852 85.2
35 0.050±0.0012 0.813 81.3
40 0.073±0.0014 0.806 80.6
45 0.097±0.0021 0.795 79.5

Table 2. %IE of compound (B) fromML tests at 2hrs dispersion in a half molar H2SO4 at different temperatures from (25-45 ◦C )
Conc., M Temp., o C kcorr mg cm-2 min-1 Θ %IE

10 x 10-6

25 0.028±0.0014 0.827 82.7
30 0.044±0.0020 0.807 80.7
35 0.050±0.0014 0.806 80.6
40 0.083±0.0014 0.793 79.3
45 0.104±0.0882 0.772 77.2

20 x10-6

25 0.027±0.0017 0.833 83.3
30 0.044±0.0012 0.823 82.3
35 0.048±0.0012 0.811 81.1
40 0.080±0.0014 0.806 80.6
45 0.011±0.0012 0.786 78.6

30 x10-6

25 0.024±0.0017 0.842 84.2
30 0.037±0.0014 0.836 83.6
35 0.042±0.0026 0.824 82.4
40 0.076±0.0017 0.814 81.4
45 0.100±0.0100 0.789 78.9

40 x10-6

25 0.022±0.0018 0.851 85.1
30 0.028±0.0012 0.844 84.4
35 0.039±0.0017 0.825 82.5
40 0.075±0.0020 0.816 81.6
45 0.098±0.0012 0.79 79

50 x10-6

25 0.021±0.0015 0.865 86.5
30 0.026±0.0021 0.853 85.3
35 0.037±0.0011 0.845 84.5
40 0.067±0.0021 0.832 83.2
45 0.091±0.0014 0.796 79.6

3.3 Thermodynamic corrosion parameters
It is evident that the CS dissolving rate rises with rising solution temperature and follows Arrhenius type equation in both the
non-existence and existence of the studied derivatives. (13,14). The activation energy (Ea

*) value was determined by employing
an Arrhenius-type Eq. (Figure 4), that it was as follows:

”kcorr = A exp (− Ea∗/RT )” (3)

Since “kcorr” is rate of CS corrosion, “R and T” are, respectively, gas constant and Kelvin temperature. The transition-state Eq.
(Figure 5) was used to attain the enthalpy (∆H*) and entropy (∆S*) data of activation that it was as follows:

”kcorr/T = (R/Nh) exp ((∆S∗/R) exp − (∆H ∗/RT )]” (4)

Table 3 Illustrates the measured activation parameters. From Table 3, one noticed that:

1. Adsorption of the chemicals on CS surface is physically because of the magnitude of apparent Ea
* increases in the

existence of investigated derivatives than in their nonexistence, because at higher temperatures, the average kinetic energy
of extract components rises, making the adsorption between extract components and a metal surface insufficient to keep
the species at the binding site and potentially leading to desorption or causing the species to bounce off the surface of the
metal instead of colliding and combining with it. (15) Furthermore, since the protective layers on the metal surface would
have been more soluble at a higher temperature, the metal surface would have been exposed to the hostile medium and
would have experienced more disintegration, additional to enthalpy of activation (∆H* below 100 kJ mol-1).
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2. “The exothermic nature is shown by the negative sign of (∆H*)”.
3. The dissolution process may involve H2 evolution reaction, due to all of Ea

*values of are above than ∆H* values.
4. The ∆S* positive sign denotes the increase of disorder in the formation of activated state. (15)

Fig 4. log kcorr vs. 1/T curves for CS in a half molar of H2SO4 with and without various dosages of the investigated compounds

Table 3. CS activation parameters in a half molar of sulfuric acid with and absence of various dosages of organic derivatives
Compound Inh., Mx106 E*a, kJ mol-1 -∆H*, kJ mol-1 -∆S*, J mol-1K-1

Blank o.5MH2SO 4 39.7±0.0882 37.1±0.2027 199.1±0.173205

A

10 57.2±0.1732 52.4±0.2333 179.0±0.115470
20 58.2±0.2333 53.4±0.1155 164.3±0.08819
30 58.5±0.2309 53.7±0.1202 154.3±0.08819
40 58.6±0.0882 54.0±0.0882 141.5±0.230940
50 59.6±0.2333 54.7±0.1764 137.7±0.08819

B

10 51.5±0.1453 49.2±0.1527 180.4±0.173205
20 52.8±0.0577 51.4±0.1202 154.4±0.176383
30 57±0.1202 52.6±0.1764 137.6±0.08819
40 60.9±0.1202 57.7±0.1333 126.2±0.152752
50 62.5±0.2309 60.9±0.1453 120.3±0.176383

Fig 5. log kcorr/T vs. 1/T curves for CS in a half molar of H2SO4 with and without various dosages of the investigated compounds
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3.4 Adsorption isotherms

“It is evident that the examined derivatives adhere to the Temkin isotherm during their adsorption on the surface of metal”

”θcoverage = (2.303a) [Log Kads +Log C]” (5)

A plot of surface coverage (Θcoverage) and derivatives concentration (Log C) results in straight lines (Figure 6 ) indicating that
the adsorption of the derivatives on the surface of CS is consistent with Temkin isotherm with the correlation coefficient (R2)
close to unity. From intercept, we calculate standard desorption constant Kadswhich denotes the strength between the adsorbate
and the adsorbent. Employing the following Eq., the standard free energy (∆G◦

ads) data for adsorption can be attained.

Kads = ”(1\55.5) exp (− ∆G◦ads \RT )” (6)

Using the fundamental Van,t Hoff ’s Eq. , a straight line emerges from drawing log Kads vs. (1/ T) (Figure 7). ∆H◦
ads were

obtained from the slope:

”Log Kads = (− ∆H◦ads/ 2.303RT ) + cons tan t” (7)

By introduction the obtained ∆G◦
adsand ∆H◦

ads, the entropy (∆S◦ads) data of adsorption was determined at all studied
temperature.

”∆Goads = ∆H◦ads − T ∆S◦ads ” (8)

The determined values of adsorption parameters were introduced in Table 4. From this Table, it was noticed that:

1. The Kadsdata demonstrated that the adsorption coefficient reduces as temperature rises. Given that Kads was higher at
298 K than it was at 318 K, it is likely that a greater amount of the derivatives were adsorbed onto the surface of the CS.
This suggests that lower temperatures are advantageous for the inhibition process.

2. The negative ∆G◦
ads data demonstrates both the “spontaneity of the process and the settlement of the adsorbed layer. (16)

3. Values of∆Go
ads lower than−20 kJmol−1 are consistent with the electrostatic interaction between the chargedmolecules

and the charged metal (physical adsorption). (16) The values of ∆Go
ads for utilized derivatives are between 18-19.2 kJ

mol−1 indicate physical adsorption.
4. “The negative sign of ∆H◦

ads indicates that the adsorption of derivative molecules is an exothermic, this means that the
adsorption process may be physical or chemical.

5. Because the ∆H◦
ads data are low less than 80 kJ mol-1 the investigated chemicals are physically adsorbed onto the CS

surface.

Fig 6. Plots of Temkin isotherm for compounds (A) and (B) on CS at different temperatures in half molar H2SO4
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Fig 7. (1/ T against log Kads) with and without various concentrations of compounds (A) and (B)

Table 4.Thermodynamic adsorption parameters data
Inhibitor Temp. K KadsM-1 - ∆G◦

ads,kJ mol-1 - ∆H◦
adskJ mol-1 - ∆S◦adsJ mol-1K-1

A

298 41.4 19.2

7.9

37.9
303 32.0 18.8 35.9
308 31.7 19.1 36.3
313 29.4 19.3 36.4
318 27.4 19.4 36.2

B

298 29.6 18.3

7.5

36.2
303 22.2 18.0 34.6
308 21.3 18.1 34.4
313 21.2 18.4 34.8
318 17.4 18.2 33.6

3.5 Non-chemical technique

3.5.1 EIS method
Nyquist and Bode plots for CS degradation in H2SO4 (half molar) with and without examined derivatives at 25oC are
represented in Figures 8 and 9.TheEIS diagram exhibits a nearly single semi-circuit, demonstrating that themetallic dissolution
phase is accompanied by a single charge transfermechanism that is unaffected by the presence of examined chemicals (17). Small
distortion was found owing to electrode roughness, contaminants, and inhibitor adsorption, which resulted in the creation of
porous layers and a uniform electrode surface (18). “The analogous circuit shown in Figure 10 is utilized to study the impedance
spectra. Rs is the solution resistance between the CS electrode and the reference electrode in this circuit”, whereas CPE denotes
the charge phase element.The accuracy of the fitted data is also assessed using the chi-squared (χ2). Table 5 shows that the ”χ2”
values are low indicating that the fitted data and the experimental data concur well. A double layer’s capacity (Cdl) is given as
follows:

”Cdl = Yo (ωmax)n−1 ” (9)

Since “n, ω , and Yo” are, respectively, CPE exponent, maximum frequency and CPE coefficient.The%IE and (θ ) of the studied
chemicals were gained from EIS measurements as follows:

”%IE = [(Rct −Roct)\Rct] x 100 = θ x100” (10)

Since “Rct & Ro
ct” are, respectively, a charge transfer resistances in the existence of the chemicals being investigated and

absent. Radius of Nyquist diagrams growths with raising the concentration of the investigated derivatives as a result of forming
chemicals’ adsorbed layer onto CS. According to Table 5 (EIS parameters for CS corrosion), we conclude that:
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1. A slower corroding system is linked to a high charge transfer resistance (Rct). Rct (derivative B) > Rct (derivative A)
at any given inhibitor dose, indicating that derivative (B) has superior inhibitory effectiveness to derivative (A). The
derivative (B) has a S atom connected to a heterocyclic ring in its structure, which increases the electronic cloudiness on
the molecules and, as a result, improves the derivative (B) capacity’s for adsorption on the CS surface.

2. The fact that Cdl values drop as the concentration of the examined derivatives is increased and that this is due to
the replacement of water molecules in the double layer by adsorbed inhibitors. “This was caused by a drop in the
local dielectric constant or an increase in the thickness of the electrical double layer”. “This indicates that the inhibitor
molecules work by adsorption at the metal/solution interface”.

Fig 8. Nyquist and Bode curves for CS in a half molar of H2SO4 with and without various dosages of chemical (A) at 25◦C

Fig 9. Nyquist and Bode for CS in a half molar of H2SO4 with and without various dosages of chemical (B) at 25 ◦C

Fig 10. Circuit employed for matching EIS data
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Table 5. EIS outcomes for CS corrosion in exist and non-exist of altered doses of organic derivatives at 25◦C
Compound [Inh]M x 10-6 RctΩ cm-2 Cdl µF cm-2 χ2x103 Θ %IE
Blank 0.5MH2SO 4 10.36±0.2021 206.3±0.1453 1.121 – –

A

10 93.50±0.1453 71.2±0.1732 4.342 0.889 88.9
20 93.76±0.2318 70.0±0.0667 6.121 0.890 89.0
30 100.5±0.1453 69.3±0.1154 5.111 0.897 89.7
40 125.4±0.1764 54.5±0.2027 4.551 0.917 91.7
50 128±0.2082 54.0±0.1453 5.323 0.919 91.9

B

10 81.4±0.1732 85.9±0.1732 4.413 0.873 87.3
20 91.50±0.1453 71.4±0.1155 7.123 0.887 88.7
30 102±0.1764 68.8±0.088 6.332 0.898 89.8
40 119±0.1202 54.8±0.2603 5.342 0.913 91.3
50 131.4±0.2333 50.7±0.1155 4.456 0.921 92.1

3.6 PP technique

Tafel plots (Figure 11)were employed for description of corrosionmechanism of CS in half molar H2SO4. “The current density
of the anodic and cathodic branch is moved towards lower values” by examination of the polarization curves following the
addition of derivatives (B) and (A), and the displacement is more pronounced with an increase in inhibitor concentration
indicating that the derivatives are mixed-type. (19). The IE is estimated from the next Eq.:

”% IE = [(i f ree − iinh) / i f ree] x 100” (11)

with “i f reeand iinh” as corrosion current density in non-exist and exist chemicals, respectively. By extrapolating the current-
potential lines to the relevant corrosion potentials, corrosion current densities were calculated. In this case, the corrosion rates
were computed under the presumption that corrosion is attacking the entire steel surface and that local corrosion is not present.
From Table 6 (PP parameters for CS corrosion), it was found that:

1. The current density of corrosion (icorr) drops as inhibitor concentration rises, indicating that the presence of studied
derivatives can prevent CS from dissolving, and the level of inhibition is dependent the concentration and kind of
derivatives used.

2. Because of an increase in the overvoltage of each cathodic and anodic process in the attendance of inhibitors, both
cathodic and anodic polarization curves were blocked. This pattern suggests that hydrogen evolution is a process that
is controlled by activation.

3. Tafel curves demonstrated that adding B & A derivatives to the corrosive solution did not significantly change the
corrosion potential (Ecorr) (20). In 0.5 M H2SO4 solution, the examined inhibitors can thus be categorized as mixed type
inhibitors.

4. “According to the parallel cathodic Tafel lines, the addition of inhibitors to the 0.5 M H2SO4 solution does not alter the
hydrogen evolution mechanism or the reduction of H+ ions at the CS surface, which mostly happens through a charge
transfer mechanism (20).

5. According to %IE values represented in Table 6, the inhibiting properties of the studied inhibitors at highest
concentrations 50x10-6 M can be given in the following order: derivative(B) > derivative (A) with %IE values 91.7 and
89.5, respectively. These results are in good agreement with the results obtained from EIS measurements.
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Fig 11. PP plots for CS with and without altered doses of compounds (A) and (B) at 25 ◦C

Table 6. Electrochemical parameters for CS in 0.5M H2SO4 with and absence of various doses of investigated derivatives
Comp. Inh., Mx

106
Ecorr, mV
vs SCE

icorr, µA
cm-2

-β c, mV dec-1 β a, mV dec-1 kcorr, mpy Θ %IE

Blank 0.5 M
H2SO 4

549±0.1453 756±0.1764 228.2±0.2027 71.90±0.1201 345.4 – –

A

10 541±0.1202 140±0.1732 124.9±0.2333 86.40±0.1453 64.01 0.815 81.5
20 527±0.1527 115±0.1453 117.4±0.1764 54.60±0.2082 58.00 0.848 84.8
30 523±0.1202 111±0.0882 172.5±0.1202 87.00±0.1202 56.85 0.853 85.3
40 521±0.0577 86.8±0.1453 103.4±0.1732 77.30±0.1155 46.00 0.885 88.5
50 516±0.1764 78.9±0.2027 157.2±0.4484 87.60±0.1764 35.00 0.895 89.5

B

10 549±0.1732 146±0.1453 187.1±0.1667 67.50±0.1453 64.70 0.806 80.6
20 543±0.1453 123±0.1732 199.9±0.1154 64.70±0.1732 58.80 0.837 83.7
30 536±0.0882 102±0.0882 188.7±0.1764 60.70±0.0882 56.00 0.865 86.5
40 516±0.1856 89.8±0.1202 199.5±0.1453 58.80±0.4372 46.46 0.881 88.1
50 512±0.1764 62.4±0.2333 182.5±0.2309 43.70±0.2027 34.70 0.917 91.7

3.7 Quantum chemical calculations

To comprehend the characteristics and activity of the researched derivatives, a number of electronic parameters, like HOMO,
LUMO and energy gap values were determined (Figure 12). HOMO and LUMO molecular orbital are calculated for all the
structures using (PM3) method basis in the gas phase. HOMO is a symbol for the capacity for giving electron, whilst LUMO
is a symbol for the capacity for receiving electron. The effectiveness of the inhibitor improved as the LUMO-HOMO energy
gap shrank. A molecule’s electrical dispersion is also measured by its dipole moment.The compound (B) has a better corrosion
inhibition than compound (A), as shown in Table 7.

Table 7.The estimated quantum chemical properties for the tested derivatives
Compound -E HOMO -E LUMO Dipole moment ∆E
A 5.180 1.652 7.5332 3.528
B 5.480 2.082 9.1056 3.398
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Fig 12. Quantum chemical of organic derivatives using PM3

3.8 Monte Carlo simulation

Monte Carlo simulation was utilized to find out more about the interactions between the molecules under study and the metal
surface in an acidic and vacuum environment. Views of the more sturdy arrangement for the adsorption of the protonated
and neutral varieties of sulfonamide derivatives on the surface of cleaved Fe (110) from the top and sides (Figures 13 and 14).
The parallel adsorption of the sulfonamide molecules ensures that the heteroatoms and π-electrons interface with the metallic
surface of the Fe (110) in the best possible ways, enhancing the surface coverage. A higher concentration of inhibitor molecules
in the test solutionmay causemorewatermolecules to be desorbed because the inhibitormolecules also removewatermolecules
from the adsorption sites. Adsorption energy, total energy, deformation energy, and stiff adsorption energy are the variables
that were computed from the Monte Carlo simulation. The Table 8 clearly shows that sulfonamide derivative (B) has a higher
adsorption energy than sulfonamide derivative (A) at the surface of Fe (110) in the presence ofwater, indicating that sulfonamide
derivative (A) molecules have more durable adsorption on CS surface and form a robust adsorbed defensive layer, resulting in
a corrosion shield for CS surface in damaging conditions, as demonstrated by both empirical and theoretical results.

Fig 13. Side view for the most stable adsorption position of the inhibitors on Fe (110) surface in acid solution and vacuum
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Fig 14. Top view for the most stable adsorption position of the inhibitors on Fe (110) surface in acid solution and vacuum

Table 8. Monte Carlo emulation variables computed for the more stable configuration of studied inhibitors on Fe (110) outer surface
Comp. Total energy Adsorption

energy
Rigid adsorp-
tion energy

Deformation
energy

Compound:dEad/d
Ni

H2O:dEad/d Ni

Vacuum
A -138.487 -158.833 -165.381 6.548 -158.833 NA
B -242.288 -170.700 -176.981 6.280 -170.700 NA

Acid
A -3141.213 -8015.966 -3323.321 -4692.645 -84.871 -22.392
B -3297.153 -8080.078 -3390.365 -4689.713 -216.803 -26.13

3.9 Surface morphology

3.9.1 FTIR technique
FT-IR is a crucial analytical tool to understanding efficacious groups and characterizing bonding with metal (21). Certain peaks
of the IR spectra are corresponding to the function groups of the substances under investigation. After dipping in half molar
H2SO4 + 50x10-6 M studied derivatives (A&B) for one day, the CS surface’s spectra and those of derivatives A& B were attained
and compared to each other (Figure 15). The data of FT-IR showed that: the peaks of the function groups of the adsorbed
chemicals show a tightly shifting, suggests that these substances have the potential to operate as corrosion inhibitors (21).

Fig 15. FT-IR spectra of compounds (A) and (B)
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3.9.2 Scanning electron microscopy (SEM) studies
“The image ofCS before dispersion in acid solution shows the surfacewas smooth andwithout pits” (Figure 16).Thephotograph
of CS after immersion in acid solution shows the surface was strongly attacked surrounded by corrosion products”. “The
photograph of CS after immersion in acid solution with the maximum” condensation of the inhibitors shows the surface of
the CS becomes coated by cracked cover layer, compared with that of free acid and was free from pits and it became smooth
(Figure 16).This demonstrates that the studied derivatives are adsorbed on the CS surface, generating a thick protective coating
that impedes corrosion.

Fig 16. SEMmicrographs for CS in 0.5M H2SO4 with and without the inhibitors

3.9.3 Atomic force microscopy (AFM) analysis
The RMS Roughness (Sq) and mean roughness (Sa), which are determined by mean lines and mean deviation from the mean,
are calculated using the AFM test.Figure 17 shows the 3D surface of CS in the presence and absence of inhibitors. In the absence
of the inhibitor with 0.5M H2SO4, the surface of CS is very rough (99.4 nm), whereas in the presence of the inhibitors with
0.5M H2SO4, there is less corrosion and less roughness (88.49 nm for compound A and 71.9 nm for compound B) because a
film has formed on the surface CS surface.

Fig 17. AFMmicrographs for CS in 0.5M H2SO4 with and without the inhibitors
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3.9.4 Energy dispersive X-ray spectroscopy (EDX) studies
Figure 18 depicts the EDX spectra that demonstrate the specific peaks of certain elements constituting the CS in acidic medium
without inhibitor. EDX spectra in the existence of the maximum dose of the chemicals display extra lines of carbon, nitrogen
and oxygen owing to the layer of the adsorbed chemicals on CS. From Table 9, it was found that:

1. Intensities of C, O, S and N signal are enhanced and this due to N, C, S and O atoms present in the chemical composition
of the inhibitors, indicating adsorption of the chemicals molecules on the surface of CS.

2. Fe peaks are suppressed in the existence of the inhibitors which is because of overlying inhibitor film.

Fig 18. EDX spectra of CS with and without of 50 x 10-6 M of tested chemicals

Table 9. Surface characteristics (wt. %) of CS both earlier and later dispersion in half molar of sulfuric acid with and without of 50
x10-6 M of tested chemicals

(Mass % ) Fe C Mn O S N
Free 95.77 3.54 0.90 – – –
Blank 80.29 2.97 0.81 15.5 0.43 –
Compound A 53.17 4.20 0.56 25.72 15.32 1.03
Compound B 52.06 7.60 0.62 24.21 14.26 1.25

3.10 Mechanism of corrosion inhibition

Adsorption can take four forms: i-Electrostatic attraction between the researchedmolecules and the CS. ii- Contact of unshared
electron pairs in the analyzed derivatives with the CS. iii- Metal pi-electrons interaction vi- Summation of all the above. From
the outcome data obtained from the various tests, corrosion hindrance of CS in half molar H2SO4 solutions by the investigated
derivatives as designated from ML, PP, and EIS tests were depended on the nature of the inhibitor and the dose. These studied
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compounds provide an adsorbed layer on the CS surface that blocks the attack of the corrosive medium on the surface, hence
inhibiting the formation of active sites and reducing corrosion. Protonated inhibitormolecules (cationic) are physically attracted
to the negatively charged surface of CS by electrostatic attraction once the SO4

2- ions have adsorbed on it and turned it into
such. IE is in the following order: B > A. The molecular size can be used to explain this arrangement of the IE of the tested
substances; where B > A in molecular size. The utilized investigated chemicals as corrosion protection for CS in o.5M H2SO4
was deliberated according to physisorption on CS surface. This demonstrated by the data of ∆Go

ads (less than 20 kJ mol-1) also
by temperature impact (%IE declines as temperature rises).

4 Conclusion
As a corrosion inhibitor, some benzene sulfonamides have been used to prevent corrosion of CS in a 0.5 M H2SO4 solution.
It has been determined how well corrosion is inhibited using the weight reduction strategy. It is noted that 50 x10-6 M of
these inhibitors provide CS submerged in 0.5 M H2SO4 with more than 92% inhibitory effectiveness. Using electrochemical
investigations such as polarization studies andAC impedance spectra, themechanistic features of corrosion inhibitionhave been
examined. The shift of the corrosion potential to values less than 85 mV(25 & 83.6 mV for A &B, respectively) in the presence
of the inhibitor system during polarization research indicates that the inhibitors regulate the cathodic and the anodic reactions.
The AC impedance spectra provide evidence that a protective coating has formed on the metal surface.This is supported by the
fact that double layer capacitance has decreased and charge transfer resistance has increased.The inhibitor molecules adhere to
the Langmuir adsorption isotherm during adsorption.The R2 score is really high (0.999). FTIR spectra of the protective coating
have been examined. SEM and AFM have been used to examine the protective film’s surface morphology. It has been seen that
the corroded metal’s surface gets smoother when an inhibitor is present. The metal surface’s Vickers hardness has been tested
both before and after the experiment. It was shown that under the effect of corrosive medium, the surface becomes tougher in
the presence of inhibitor than in the absence of inhibitor. Applications of the results in the petroleum sector are possible. In the
CS pipelines, the inhibitor chemicals can be added with the water from a simulated oil well.
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