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This examination researched the impéct of
(4-BrPhTSC) by assessing air co i

of the inhibitor solution ¢ ing of the inhibitor changes. The present's thickness of
the anodic and cathodic i contrasted with that of the 1.0 M HCI arrangement, with
e uninhibited arrangement and 8.10 pAscm 2 at the 1x102 M
concentration of | may be seen that as the grouping of the inhibitor builds, the
consumption i value diminishes, and the restraint productivity value likewise
increments.

Q.cm nd CPEinn were 348 and 36 uF.cm, individually, Npiank and ninn Were 0.94
and @.84. esteém builds, the CPE esteem and n diminish as the inhibitor focus increments,
pote f abatement in neighborhood dielectric steady or an expanded thickness at the

metal/arra nt interface. The adsorption of the inhibitor on the surface of the low carbon steel fits
in with the Langmuir show. Also, the adsorption harmony steady and the adsorption free vitality were
evaluated. For the subsidiaries of 4-BrPhTSC, the estimation of AG%gs and is - 36.00 kJ mol?,
demonstrating that the adsorption of these inhibitors includes two sorts of communications: physical
adsorption and chemisorption. The thickness utilitarian hypothesis (DFT) of the B3LYP work with the
6-311G (d,p) premise set was performed on 4-BrPhTSC as appeared in Table 1, Table 2.
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1. INTRODUCTION

A major issue to be dealt with in industries is corrosion, which causes significant burdens as to
cost for business. Structures of metallic nature in different industries are in contact with corrosive
materials and processes, for which acid solutions are commonly applied to remove pickling and rust.
Materials such as acidification inhibitors are also used to defend against corrosion of metal structures[1].

In this respect, organic inhibitors have appeared to be a safe replacement [2]. As since thé inQibitor can
easily form covalent bonds with metal surface (also known as ‘chemisorption’ ns of
electrostatic interaction (referred to as ‘physical adsorption’) between metal surfage andyn 4]

It has been previously shown that adsorption is primarily dependent molecular
heteroatoms, functional groups and benzene rings to induce inhibitor mol rbed on

electron density of heteroatoms such as sulphur , phosphorus, nitrogen an also considered as
the 'adsorption center [5, 6]. In this regard, lately the effective of thiosemicafbazone compounds
also as known as organic corrosion inhibitors has been largely that by the research community
[7, 8], with reports of the potential exes with  different
metals [9, 10].

These compounds owe their increased activity
of nitrogen and sulphur, thus generating morgsi i posed to compounds with just one of the

properties of 4-BrPhTSC (Fig
linear polarization resistan
was pierced. Besides, t

Figure 1. Chemical structure of 4-BrPhTSC

2. EXPERIMENTAL WORK

2.1. Material and test solution

Three-electrode battery made of low carbon steel, p assembly was used for testing, the counter
electrode was 1 x 1 cm platinum, and Ag/ AgCl (3.0 M KCI) was used as the reference electrode. Low
carbon steel (MS) having a mass fraction of 0.11% Si, 1.01% Cr, 0.99% Mn and 97.89% Fe was used
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for electrochemical measurement purposes. The sample is embedded in the polyester; the surface area
of 0.6359 cm? is in contact with the corrosive medium, how much corrosive material is present, and the
copper wire provides electrical conductivity.

Before every attempt, the low carbon steel surface was mechanically polished using different
emery papers having different grades. The sample is embedded in the polyester; the surface area of

2.2. Electrochemical techniques

Electrochemical experiments were performed by using electroche
controlled CHI 660B. Before electrochemical measurement, s

and computer

ilization dura of 1h took place,

enough to reach the potential for open circuit corrosion (Ecorr).
Electrochemical tests were done at 293 K. The electroche

potential and a frequency range of 105 Hz to 0.00
At a scan rate of 0.1 mV s, the potenti

3.1. Potentiodynamic polarization measurements

Figure 2 shows the polarization curves of carbon steel electrodes with and without different
concentrations of 4-BrPhTSC molecules at 293K. Dynamic potential polarization parameters such as
corrosion potential (Ecorr), corrosion current density (lcorr) and cathode Tafel constant (), percentage of
inhibition efficiency (IE %) are shown in Table 1. A sample polarization curve is shown in Figure 2.

9 — Icorr;_lcorr 1
Icorr

IE% =6 x 100 2
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Although the Ecorr value was -0.518 V in the uninhibited solution, it moved in the positive
direction in a short time as the concentration of the inhibitor increased. As can be clearly seen from
Figure 3, the current density of the anode and cathode regions is lower compared to the 1.0 M HCI
solution. The icorr and Ecorr also written differently in low key the change was made accordingly, with a
value of 158.78 pAscm™ in the uninhibited solution and 8.10 uA+cm™ at the 4-BrPhTSC concentration
of 1x102M.

-1.0 y———
2.0 _ [
: Y
3.0 B
& ]
5 4.0 :
é_ = —: n
Eﬂ -5.0 E
-6.0 _ [
-1.0 ] rrrtgrttrrtrgprrrrrr+reogp T Tt
090 -080  -070 -060 -050 -040  -030 -020 -0.10
E/V (Ag/AgCI)
: : : YA o
Figure 2. The Potentiodyna of MS in 1.0 M HCI solution without ( #) and were
added at different i M (m), 1x10* M (<), 1x10° M ( + ) and 1x1072
M ( % ) differegf’co i “BrPhTSC at 293K.

Table 1. Corro par ers obtathed from potentiodynamic polarization curves for MS in 1.0 M HCI
in the absenge and epce of 4-BrPhTSC in various concentrations at 1h
A
C(M) Ecorr (V/AQ/AQCI) icor (WA/cm?) - Bc (mV/dec) IE (%) 0
Blank W, -0518 158.78 93 - -
1x10° -0.518 46.84 87 71 0.71
1x10* -0.515 21.46 98 86 0.86
1x10° -0.524 13.38 117 92 0.92
1x1072 -0.468 8.10 151 95 0.95

With increase 1n inhibitor concentration, corrosion current densities declined, and also the
inhibition efficiency values elevated in all solutions. The percentage inhibition efficiency values varied
from 71 % to 95 %.
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According to the polarization curve, in the presence of an inhibitor, the curve moves toward the
low current density region. When 4-BrPhTSC is added to the acidic solution, both the anode metal
dissolution and the cathodic hydrogen evolution reaction are inhibited. The 4-BrPTSC might adsorb and
create a covering sheath on the mild steel, thus inhibiting corrosion. As can be seen from Table 1, the
maximum displacement of Ecorr Value is about 50 mV. Since the maximum change in Ecorr value is less
than 85 mV, it can be concluded that the inhibitor is a mixed inhibitor.

Cathodic Tafel slope (Bc) values elevate with the inhibitor. The Tafel slope changes i
inhibitors affect hydrogen evolution reaction kinetics, in turn implying elevations
discharge barriers result in reduced gas release. In addition, the polarized catho
parallel Tafel line, i.e., the addition of the inhibitor does not change the hydr

icate that

steel. In this way, the actual surface area available for H* ions is r 1 actual reaction
mechanism remains unaffected [14,15].

into electrochemical system characteristics as well as large
mechanical properties [18, 19].

impetance data for low carbon steel corrosion in corrosive media with and
without itors. epresentations are as in the following:

Rd and Rp =Rct + Rd + Ra + Rf for uninhibited and inhibited solutions. Rs: solution
resistance, Rct: charge transfer resistance, Rd: diffusion layer resistance, Ra: resistance of accumulated
material at the metal/solution interface, Rf: membrane resistance, Rpor: pore resistance, CPE: double
layer capacitance and film capacitance, used for Unsuppressed and suppressed solution [20, 21]. Here,
CPE is a constant phase element and n is a phase shift explained as a degree of uniformity surface [22,
23].

ZCPE = Yo-1 (jw)-n 3
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Figure 3. Equivalent circuit used to fit impedance spectra

In the case where Yy is a scale factor, j2 = -1 is a hypothesis number, w is the angular fggquency
in rad-1 (w = 2xfmax, fmax IS the frequency at which the imaginary part of the impe i

The inhibition efficiency percentage IE (%) Is determined using the following e
_ Rp=R3
=

IE% =6 x 100

where Rp and R°, are the polarization resistances of the electrode ith and without the

inhibitor, respectively.

Table 2 shows the corresponding corrosion parameters obt
in 1.0 M HCI. Also, Figure 4 depicts the impedance plot (a
representation.

the Nyquist curves for MS
odulu and (c) phase angle

Table 2. Corrosion parameters obtained for in the absence and presence of 4-BrPhTSC

at 293K
C(M) Ecorr (V) Rs (Qcm'z) Rp (Qcm'z) CPE IE (%) Rlp IE (%)
(uF.cm™)
(n)
1.0 M HCI 0.94 -
110 348 102
235 278 0.89 53 454 77
0.90
656 68 83 795 87
18 0.87
-0.511 ' 1122 42 90 1272 92
-2
1x10 57 0.84

-0.471 2006 36 95 2119 95
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not produce a complete semicircle. This difference
by the surface dispersion, impurities, dislocati

daries, adsorption of the inhibitor,
ed by uniformity on the surface of the
Rpinh are 235 and 2006 Q.cm™, respectively,
fiem, respectively, and the values of Npjank and

interaction that the inhibitor and MS surface have. The adsorption of inhibitor
molecules on th tal surface is a in a way a replacement phenomenon where water molecules taken
in change places with organic molecules. The experimental data yielded is fitted to numerous adsorption
isotherms, whose Langmuir isotherm proved to offer the best fit. The Langmuir isotherm is a plot of C
vs. C/0 as appears in Eq. (6), [24].

Cl6 = 1/Kus + C 6

Where Kags is the equilibrium constant of adsorption, C is the concentration of the inhibitor, and
O is the surface coverage. Further, the standard free energy of adsorption (AG®ads) can be computed from
Eq- (7), [24].
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Kads _ 1 eXp _AG ads

95,5 RT

The Langmuir adsorption isotherms of 4-BrPhTSC are shown in Figure. 5.

0.012
y = 1.0537x + 2E-05
R2=1
0.01 -
0.008 -
o) |
S 0.006
0.004 -
0.002 - 4-BrPh-TSC(293K)
0 .
0 0.005 0.01
Cc(M)

}dsteel surface in 1.0 M HCI solution

inhibitor m to a metal surface to form a coordinate covalent bond (or “chemisorption™) [25, 26].

In our measurements, for 4-BrPhTSC, the value of -AG’ags Was 36.00 kJ mol, thus indicating
that adsorption of these inhibitors requires two types of interactions: chemisorption and physical
adsorption [25, 26].

4. COMPUTATIONAL DETAILS

4.1. Quantum chemical calculations

x=TRET (aﬂ/ aN)U(T) 8

n= % (a”/aN)U(r) :% (%)U(r) ;
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Pearson and Parr came up with a mathematical expression for the reactivity descriptors
mentioned earlier in accordance ionization energy and electronic affinity values of the compounds using
a finite difference approximation [27]. Egs. (8) And (9) these formulas obtained are given as:

n= == 10

1+A

x=—u=7 11

Based on the theory, the negative values of the most occupied and least empty m lar orbital
energy, in turn, account for ionization energy and electron affinity (-Enomo = | and -ELumg = A).
Henceforth, factors such as chemical hardness, chemical potential and electrone red
with the formula below and in theoretical terms [28].

p= —x= Erumo+Enomo
N = ELUMO‘;EHOMO
R.G. Pearson, in this regard, suggests that softness is the multiplica iprocal of hardness
[29].
1 2
o=-=-—-
n  Erumo—EHOMO
Electrophilicity can serve as a reactive de ( ¥ to compare electron-donating
ability in molecules [30]. Lately, Parr suggested an“el ity index [31], which has been
commonly utilized in numerous works related to siteise ity toxicity and corrosion as inhibitors of
molecule performance. This index is elaigo atical formulas. Also, it has to be kept in
mind that Parr is expressed as the reci iplicative reciprocal of nucleophilicity [32].

2 2

- K _ X 15
2n 2n
e= 1/, 16
According to Fi ined form of inhibitor molecules, the HOMO location, is

the thiosemicarbize group; whereas the LUMO location is
jcating that electrons are transferred from the orbital of S to the

conditio aseous phase neutral forms, and gas phase and aqueous phase protonated forms.
In all the cases, thg,calculated (EHomo) values for the B3LYP/6-311g(d, p) baseline set for 4-BrPhTSC
molecules were -5.974 eV, -6.257 eV, -9.642 eV, and -6.807 eV, respectively. Also, 4-BrPhTSC, 4-
BrPhTSC-w, 4-BrPhTSC-p and 4-BrPhTSC-p-w were observed in the molecule.
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Figure 6. The optimized molecular structure, HOMO, LUMO and tot
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Figur, alc OMO, LUMO and energy gap parameters for the compound in neutral and water
form&in the gasphase and pronated phase using B3LYP/6-311G(d,p) basis set

The ELumo values of these molecules are calculated with B3LYP/6-1G (d,p) basis set for the 4-
BrPhTSC molecules in four situations as -1.041 eV, -1.177 eV, -5.369 eV and -1.702 eV. These results
have also been reached in the molecules 4-BrPhTSC, 4-BrPhTSC-w, 4-BrPhTSC-p and 4-BrPhTSC-pw,
respectively.
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Table 3. Calculated parameters by B3LYP/6-311G (d, p) of molecules under study for neutral and
protonated form in gas and water phase

Compound HOMO | LUMO | AE n c X 1
QY V) | V) | V) | V) | V) | (V)
4-BrPhTSC -5.974 | -1.041 | 4.933 | 2467 | 0.203 | 3.507 | -3.507

4-BrPhTSC-w -6.257 -1.177 | 5.080 | 2.540 | 0.197 | 3.717 -3.717
4-BrPhTSC-p -9.642 -5.369 | 4.274 | 2.137 | 0.234 | 7.506 -7.506
4-BrPhTSC-w-p | -6.807 -1.702 | 5.105 | 2.553 | 0.196 | 4.254

In all four cases, the calculated Enomo Values for the B3L
BrPhTSC molecules were -6.033 eV, -6.293 eV, -9.649 eV, and -
these molecules values calculated with B3LYP/6-311
four situations (neutral forms and protonated form
1.265 eV, -2.383 eV and -5.527 eV respective

Table 4. Calculated parameters (2d, 2p) of molecules under study for neutral and
protonated form ingfl
Compouns HOMO | LUMO AE H o X u o AEp, AEp,
(eV) (eV)
4-BrPh-TSC «-6.0 -1.210 }4.823 2411 | 0207 | 3.622 | -3.622 | 2.720 | 0.304 | 7.547

5 | 5029 | 2514 | 0.199 | 3.779 | -3.779 | 2.840 | 0.318 | 7.876
527 | 4122 | 2.061 | 0.243 | 7.588 | -7.588 | 13.968 | 7.411 | 22.587
-2.383 | 4430 | 2215 | 0.226 | 4597 | -4597 | 4772 | 1.282 | 10.476

For the ELumo increases in 4-BrPhTSC > 4-BrPhTSC-w > 4-BrPhTSC-w-p > 4-BrPh TSC-p, the
values are -1.210 eV, -1.265 eV, -2.383 eV, and -5.527 eV, respectively. The energy gap increases for
4-BrPhTSC-p > 4-BrPhTSC-w-p > 4-BrPhTSC > 4-BrPhTSC-w, the values are 4.122 eV, 4.430 eV,
4.823 eV, and 5.029 eV, respectively.

5. CONCLUSION

Adsorption in inhibitors used on the surface of mild steel revealed with the Langmuir isotherm
takes place with both in physical and chemical form. With added inhibitor concentration, corrosion
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current densities dropped while inhibition efficiency values elevated. Tafel polarization revealed a
combined form of inhibition pattern in the corrosion inhibitor under study.

In addition, our EIS study shows that as polarization resistance becomes more, the CPE and n
values decline and concentration increases because of reduction in the local. The dielectric constant
and/or the additional thickness of the metal/solution interface. The value of AG ags is -46.00 kJ mol™ of
4-BrPhTSC, which means that the adsorption of these inhibitors occurs in two ways: chemigorption and
physical adsorption.

Quantum chemistry studies complement the experimentally observed i ition

tendencies toward interaction with the metal surface.
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