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Abstract

A new benzylidene derivative, namely N-benzylidene-5-phenyl-1,3,4-thiadiazol-2-amine
(BPTA), has been synthesized and instrumentally confirmed with Elemental Analysis (CHN),
Nuclear Magnetic Resonance (NMR), and Fourier Transform Infrared Spectroscopy (FT-IR).
Titanium Dioxide (TiO) nanoparticles (NPs) were synthesized and characterized by X-ray.
The mutualistic complementary dependence of BPTA with TiO, nanoparticles as anti-
corrosive inhibitor on mild steel (MS) in 1.0 M hydrochloric acid has been tested at various
concentrations and various temperatures. The methodological work was achieved by
gravimetric measurement methods complemented with surface analysis. The synthesized
inhibitor concentrations were 0.1 mM to 0.5 mM and the temperatures ranging from 303—
333 K. The BPTA with TiO,-NP as a synergistic inhibitor becomes superior inhibitive effects
with more than 96% inhibition competence of MS coupons in a harsh acidic medium. The
efficiency of the inhibition improved with increasing BPTA content and also increase with the
Synergistic effects of BPTA with TiO,-NP. The excellent effectiveness was performed with
the 0.5 mM concentration of BPTA and become higher with adding of TiO,-NP rising to the
maximum inhibition efficiency (IE). However, the inhibition efficacy declined as the
temperature rises. Results of BPTA as corrosion inhibitor indicated the obedience of the
adsorption of the inhibitor of mixed type on the surface of MS to Langmuir adsorption
isotherm. It was found that the BPTA and performance depend on the Synergistic effects,
concentrations of the TiO,-NP and BPTA, in addition to the solution temperature.
Nevertheless, the quantum calculations have confirmed the direct correlation of the electronic
characteristics of BPTA with the corrosive inhibitive influence.
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1. Introduction

In developing countries, there is a common problem in the industry that causes huge
economic losses caused due to corrosion. Mild steel demonstrates a weak corrosion
impedance toward corrosive solutions especially hydrochloric acid. Mild steel was
extensively used in oil and gas and allied industries. Rod and plates of MS were, utilized in
bridges, buildings, pipelines, vehicles, and ships in addition to numerous other
employments [1]. Hydrochloric acid is corrosive to MS and most other alloys [2].
Conversely, organic molecules with heteroatoms like sulfur, nitrogen, oxygen, and
phosphorous were successfully utilized as corrosion inhibitors [3]. These organic
molecules have electron density enables them to form a protective layer on metallic
surfaces [4]. Nowadays, the employ of pharmaceuticals and chemicals were studied and
the inhibitive activities were related to the heterocyclic nature [5]. The individual
advantage of utilizing natural molecules and some organic compounds for the inhibitive of
the corrosive of alloys are which are eco-friendly [6]. Most heterocyclic organic
compounds are eco-friendly and could favorably contest with the natural molecules. A
carbon-nitrogen double bond is a covalent bond between carbon and nitrogen and is one of
the most considerable bonds in organic chemistry and natural products. Schiff bases,
having the C=N bond, are synthesized by the reaction of amine (primary) and carbonyl
compounds [7]. Schiff bases were applied widely in pharmaceutical, and medicinal areas
[8]. In general Schiff bases with aromatic ring usually have perfect bio-applications [9].
Following up on the investigations for active corrosive inhibitors for steel alloy in acidic
media[ 10-32], this investigation reports the synergistic inhibitive effects of BPTA and
TiO,-NP towards MS corrosion in a 1 M solution of hydrochloric acid, that were not
published previously. BPTA and TiO,-NP are both easy to synthesized, eco-friendly and
cheap. Weight loss method has been used to evaluate the IE. In addition, quantum chemical
calculations have been done to support the methodological results.

2. Experimental

2.1. Instrumentation and Materials

Most chemicals were from Sigma Aldrich Malaysia. UV-1800 spectrometer, Shimadzu,
Japan. Carlo Erba 5500 CHN elemental analyzer. FTIR-8300 spectrometer, Shimadzu,
Japan.

Nuclear magnetic resonance spectrometer (NMR), Bruker 300 MHz Spectrospin
instrument.


http://dx.doi.org/10.17675/2305-6894-2019-8-4-21

Int. J. Corros. Scale Inhib., 2019, 8, no. 4, 1149-1169 1151

2.2. Synthesis of 5-phenyl-1,3,4-thiadiazol-2-amine

Benzoic acid (5.00 mmol) was mixed with thiosemicarbazide (5.00 mmol) in the presence
of 30 ml of concentrated sulfuric acid and refluxed for 7 hours. The reaction progress was
followed up by TLC. Upon reaction equilibrium, the resulting mixture was poured into an
ice bath and then basified using a concentrated solution of ammonium hydroxide. On a
water bath, the residuals were dissolved in ethanol and hot water was gradually added with
stirring. Then left a side to cool down to room temperature and dried over phosphorus
pentoxide under vacuum for 24 hours. The developed solid product was dissolved in
chloroform: methanol (8:2 v/v) and purified over a column of silica gel. Recrystallization
of the eluent produces 5-phenyl-1,3,4-thiadiazol-2-amine powder. The properties of the
resultant powder were as follows: melting point 225°C, yield 40%, FT-IR (Vpa, CM )
3270 for (NH); 3100 (aromatic C—H); 700 (C-S stretching); 1630 (C=N); 'H NMR: §
(ppm) 5.17 (H, s, NH,), 7.37-7.02 (H, m, Ar—H), *C NMR: & (ppm) 128.1, 129.1, 130.4
and 132.1 for (carbon benzene ring), 162.7, 169.2 (carbon thiadiazole ring), anal.
Calculated/Found for CgH;NsS: C, 54.22/53.96, H, 3.98/4.03, N, 23.71/24.03.

2.3. Synthesis of BPTA as a corrosive inhibitor

An ethanolic solution of equimolar quantities of benzaldehyde and 2-amino-5-phenyl-
1,3,4-thiadiazol (0.01 mol) was refluxed on a water bath for 5 hrs. The resulting compound
BPTA precipitated on cooling, was then filtered and purified by recrystallization from
ethanol to obtain the BPTA. M.p. 169.5°C, Yield 88 %, FT-IR spectrum (v, cm): 1570
(C=N); 'H NMR (CDCl;—DMSO-dg, 3, ppm): 8.82 (s, 1H, azomethine CH=N), 7.36, 7.55,
7.59, 7.93 and 8.01, (10H aromatic H); **C NMR (CDCl;—DMSO-ds, 3, ppm): 173.10 and
174.11 (carbon for thiadiazole ring); 164.31 (CH=N); 128.8, 129.76, 131.26, 134.75,
128.39, 127.38, 132.41, 137.16 (carbon for aromatic rings). Anal. Calculated/found for
CisH11NsS: C, 67.90/68.10, H, 4.18/4.14, N, 15.84/15.63.

2.4. Synthesis of TiO,-NP

Titanium dioxide (TiO,) was prepared by the sol-gel method [33]. A solvent mixture of
30 ml absolute ethanol, 1 ml acetone, and 2 ml acetic acid was used to dissolve 1 mol of
TiCl, and 4 mol of (HOC4Hy). The mixture was shaken in the dark for 30 min, then
extended for another 2 hrs to be filtered and dried at 550°C.

2.5. Steel samples

Mild Steel (MS) that had the composition (wt.%) of “99.21 Fe, 0.21 C, 0.38 Si, 0.09 P,
0.05 S, 0.05 Mn, and 0.01 Al” was cut into the dimensions of 3x3x1cm. They were
cleaned using silicon carbide paper, sonicated for fifteen minutes with ethyl alcohol,
washed with distilled water, acetone and dried.
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2.6. Corrosive environment

Corrosion investigations were carried out into a strongly acidic environment composed of
1.0 M hydrochloric acid.

2.7. Preparing the inhibitor

A set of the synthesized corrosion inhibitor BPTA was prepared [34] in the concentrations
0f0.1,0.2,0.3,0.4 and 0.5 mM.

2.8. Gravimetric Analysis

The weight loss technique was carried out following ASTM procedure for metal corrosion
testing [34, 35]. MS samples were immersed in the corrosive environment in the presence
and absence of various concentrations of the synthesized inhibitor BPTA. The
concentration optimization of the BPTA was carried out in 5 h period. The synergistic
impact was investigated with the addition of 0.001 g of TiO,-NP. The impact of immersion
time was carried out between 1 h, 5h, 10 h, and 24 h, the process was performed at room
temperature. The temperature was stabilized through a water bath. The specimens were
weighed after immersion into the electrolyte. The specimens were taken out after a
specified period, cleaned and weighed. For temperature investigations, the same procedure
was repeated and the immersion time was five hours. Corrosion rate Cg, IE, and surface
coverage (0) were calculated by the equations 1 to 3.

_ 87.6xW
R tx Axd (1)

where W is the MS mass loss (gram), t is the immersion time, d is the density and A is the
area.

IE = Mx 100 (2)
CRO
C..
6 =C,,——-Rin (3)
RO CRO

where Cgro and Cgy, are the corrosion rates in the absence and presence of the BPTA,
respectively.

2.9. Calculation methods

Density functional theory [36] (DFT) has been employed in this study. Recently DFT has
become quite popular since it can reach accuracy comparable to other computational
calculations. Computational calculations were completed through GAUSSIAN 03W
software [37], applying B3LYP functional [38, 39] with a 6-31G basis set [41]. The
B3LYP, a version of DFT, applied Beche’s three-parameter functional along with the Lee—
Yang—Paar correlation functional [37,40]. This technique is demonstrated to produce
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optimized geometries. The obtained frontier molecular orbital energies such as Eyomo and
E.umo help workout significant factors [8] like AE, &, 1, %, and AN using equations (4—8)

AE = Eyomo — ELumo (4)
1
11:_§(EH0M0_ELUMO) ()
o=" ©)
n
1
X= _i( Eviomo * ELUMO) (7)
_ Xre — Xinh
AN =—_£Fe_~inh (8)
2(nFe + T]inh )

where yre and min, represent the electronegativity and hardness of Fe and the inhibitor,
respectively.

For yre, reported amount of 7 eV/mol have been used, but for the Fe, ng, 0 €V/mol
have been utilized [41]. Nowadays literature reveals that the theoretically chosen value of
Yre €Qual to seven electron volt was not acceptable because of omission of electron—
electron interaction and only free electron gas Fermi energy of iron is taken into account.
Therefore, to avoid this anomaly, the work function (¢) of the metal surface is used in
place of xre, €quation (9).

—_ (I) — Xinh
AN 2(T]Fe + T]inh) (9)

3. Results and Discussion

3.1. Chemistry

Sequences of reaction for the benzylidene derivative synthesis were starting from low cost
starting material thiosemicarbazide (Scheme 1). 2-Amino-5-phenyl-1,3,4-thiadiazole was
obtained by refluxing benzoic acid with thiosemicarbazide in concentrated sulfuric acid as
a dehydrator [22] The FT-IR spectrum of this compound showed an absorption band at
3270 cm™ (N—H amine stretching) and 1630 cm* (azomethine C=N). The '"H NMR
spectrum exhibited a singlet at & 5.17 ppm due to the two NH, protons. The reaction of 5-
phenyl-1,3,4-thiadiazole-2-amine with benzaldehyde afforded benzylidene namely
BPTA in good yield. The FT-IR spectrum of compound BPTA showed absorption bands at
1570 cm™ (azomethine C=N). The 'H NMR spectrum exhibited a singlet at & 8.82 ppm
due to the one azomethine proton and multiplet due to the aromatic proton at 6 7.36, 7.55,
7.59, 7.93 and 8.01 ppm.
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Scheme 1. The chemical structure of the BPTA.

3.2. Gravimetric techniques
3.2.1. Effects of concentrations

For years, the decay of MS in a corrosive environment was considered as a form of an
electrochemical reaction. Such electrochemical reactions, as well as the high dissolution of
the corrosive products, resulted in a weight loss of MS [42].

The corrosive inhibitive efficiency of BPTA against steady corrosion had been
studied by monitoring the weight loss as the processes occur. The inhibition activity was
measured from CR (corrosion rate) as in equations (1 and 2), however surface coverage as
in equation (3). The weight loss of MS has been calculated without and with BPTA. The IE
of the MS has been studied thoroughly by immersion of MS samples in different
concentrations of BPTA. The test shows an increase of the IE with the increase of BPTA
concentration (Figure 1). Such behavior may be attributed to the adsorption sites on BPTA
structure.
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Figure 1. Immersion time impact of MS in a corrosive environment at various concentrations
of BPTA.

Likewise, the synergistic effect of benzylidene with TiO,-NP on the corrosion
inhibition of MS in a corrosive environment was studied as a function of IE (Figure 2). The
IE increases with the increase in the concentration of the BPTA due to adsorption sites in
the structure of the studied BPTA and TiO,-NP.
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Figure 2. Immersion time impact of MS in a corrosive environment at various concentrations
of BPTA synergistic with 0.001 g, of TiO,-NPs.

The maximum IE of 92% for BPTA and it was 96% in presence of TiO,-NP were
obtained at the optimum concentration of 5 mM at 5 to 10 h, attributed to the availability of
N and S atoms in addition to aromatic rings (aryl and 1,3,4-thiadiazole) in the molecule
structure which participate in the inhibitive activities as active sites and electrostatically
forces between BPTA molecules with the surface of MS. These heteroatoms react with the
surface of the studied alloy through adsorption or coordination and increasing inhibition
efficiencies. Also, the TiO,-NP molecules increase the IE, thus, the effect of TiO,-NP
molecules withdraws electrons from aromatic rings by resonance effect. The results clearly
indicated that BPTA, molecules reduce the corrosion rate of MS in both cases with and
without of TiO,-NP.

3.2.2. Immersion time impact

Time is a considerable parameter when describing the corrosive inhibitor molecules.
Immersion time was investigated in order to determine the inhibitor film stability and
adsorption rate. The time of immersion was changed from 1 to 24 hours. Results were
demonstrated in Figures 1 and 2 which indicated the influence of immersion time on
inhibition efficiencies of BPTA in absence and presence TiO,-NP respectively. From
Figure 1, the highest corrosion inhibitive activity was attained at the early period of
immersion that was 5-10 h, because of the fast adsorption of the BPTA molecules on to
MS surface due to the maximum numbers of available active inhibitor molecules to inhibit
MS from corrosion. From Figure 2, after 5h to 24h, of immersion time no significant
differences due to the presence of TiO,-NP synergistic with BPTA molecules. Without
synergistic effects (in absence of TiO,-NP) the IE observes to reduce after ten hours of
immersion. After the 24 h of immersion, the IE was further decreased. The decrease in IE
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was attributed to the desorption of BPTA, molecules from the surface of MS. Without
synergistic effects (in absence of TiO,-NP) the corrosion rate increased with long
immersion time. These occurred when BPTA, molecules were being desorbed from MS
coupons were exposed to HCI environment herewith increasing the contact of metal—
solution that produce a dissolution of coupons surface. Without synergistic effects (in
absence of TiO,-NP) corrosion rate was increased after 10 h, of immersion attributed to
low inhibitor concentration in corrosive media to inhibit metal dissolution; it is evident that
after BPTA, molecules were desorbed from the MS they were in-active so not take part in
the inhibitive processes.

3.2.3. Influence of temperature

The gravimetrical technique was utilized to investigate the effect of solution temperature
on the corrosive of MS in the absence and presence of BPTA molecules as a corrosion
inhibitor and also the synergistic effect of BPTA molecules with TiO,-NP. The results are
shown in Figures 3 and 4. The results have been employed to find the activation energies
of MS dissolution and Gibbs energies of adsorption of the BPTA, molecules as corrosion
inhibitor on the surface of MS. The IE decreased with the increasing of temperature. On
the other hand, no significant variation appears at the synergistic effect of BPTA molecules
with TiO,-NP, and after rising temperature the IE does not affected. The IE obtained at
optimum inhibitor (BPTA) concentration with and without synergistic effect was 92 and
96% at 303.0 K and 41 and 60% at 333.0 K respectively, that the lowest and highest
temperature that used in the present study. Inhibition efficiencies were decreased for the
studied corrosion inhibitors with rising temperatures demonstrated the instability of
synthesized inhibitors when they were undergoing to maximum studied temperatures. The
BPTA, molecules as corrosion inhibitors at highest temperature were demonstrated from
MS coupons which implied that the BPTA molecules adsorbed on the surface by an
exothermic reaction, thereby releasing the heat at adsorption.

In the exothermic process, the rising temperature causes a reverse reaction. The
opposite as well, true with endothermic process [43]. BPTA, molecules were found to act
duly at low temperatures with low inhibition activities at higher temperatures, but the
synergistic effects of BPTA with 0.001 g, of TiO,-NP, inhibit the corrosion process at low
and high temperature. From Figures 5 and 6, the differences between corrosion rates for
BPTA without and with the synergistic effects synthesized of TiO,-NP.

3.3. Adsorption isotherms

Adsorption isotherm show data about the mechanism of inhibitor molecules that adsorbed
by MS surface [44,45]. Adsorption of BPTA, molecules without and synergistic with
0.001 g, of TiO,-NP on to the surface of MS are the primary step of the mechanism of
adsorption. The significant parameter in the adsorption isotherm process is the surface
coverage (0) that may be estimated from the gravimetric technique as in equation 3.
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Figure 3. Effect of temperature on IE of BPTA in 1 M HCI.
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Figure 4. Temperature impact on inhibition efficiencies of BPTA synergistic with 0.001 g, of
TiO,-NP in 1 M HCI.
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Figure 5. Impact of BPTA concentration and corrosion rate of MS with immersion time
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Figure 6. Influence of concentration of BPTA synergistic with 0.001 g, of TiO,-NP in1 M
HCI and time on the corrosion rate of MS.

Isotherms investigations demonstrate mechanism on how natural or organic molecules
which used as inhibitor adsorb to the MS surface. The adsorption mechanism depends on
some significant factors such as nature, electronic properties and charge of the MS surface
in addition to solvent adsorption, ionic species, the electronic potential of metal-
environment interface and temperature of environment [46, 47]. Interaction of MS with
organic molecules is higher than that of MS surface and H,O molecules, adsorption will
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occur. Langmuir adsorption model, Frumkin adsorption model and Temkin adsorption
model were investigated and the fit model had been employed to calculate the
thermodynamic parameters. The value of surface coverage increase with the concentration
of tested inhibitors increase in corrosive solution; this was, imputed to form a layer of
BPTA, without and synergistic with 0.001 g, of TiO,-NP on to the surface of MS that
reduces or impedance the corrosion of MS surface. Langmuir adsorption isotherm model
was used to study the mechanism of adsorption. Equation 10 was utilized to estimate the
equilibrium constant.

1
K

O

+B (10)
ads
where C is the concentration, K,gs is the equilibrium constant and B is an intercept.

Figure 7 presents the model plot of Langmuir for dissolution of MS that manifested to
have correlation coefficients that were close to unity, that implied that the adsorption of
inhibitor molecules on to MS surface supposed a one layer adsorption. The adsorption of
tested inhibitor molecules on the MS surface obeyed Langmuir isotherm. For BPTA
synergistic with 0.001 g, of TiO,-NP on MS, Figure 8 represents the Langmuir plot for
adsorption.

0.45
0.40
0.35

0.30

Cih/©

0.25 4

0.20

0.15

0.10 ; ; ;
0.1 0.2 0.3 0.4 0.5

Cinh

Figure 7. Langmuir plot of BPTA on MS.
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Figure 8. Langmuir plot for adsorption of corrosion inhibitor molecules of BPTA synergistic
with 0.001 g of TiO,-NP on to MS.

3.4. Quantum Chemistry

In general, orbitals of HOMO and LUMO demonstrate the molecular regions that may give
or accept electrons. The high value of HOMO orbital is facile to donate electrons to empty
orbital of the iron atom. On the other hand, the low-value LUMO orbital expresses the
ability to accept electrons from an iron atom. The optimized structures, HOMO and
LUMO diagrams of BPTA and BPTA synergistic with 0.001 g of TiO,-NP molecules
using Density Functional Theory are demonstrated in Figure 9. These were donating
electron sites to unoccupied metal orbital. LUMO orbital for BPTA was found on all over
the molecule whereas that of synergistic effect localized on the titanium and oxygen atoms.
Thus, the HOMO and LUMO orbital analyses indicate that the thiadiazole ring, benzene
ring and azomethine have a significant role in the interaction of the corrosive inhibitor with
MS.

BPTA HOMO LUMO
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Figure 9. Optimized structure, HOMO and LUMO orbitals distribution of BPTA and BPTA
synergistic with 0.001 g, of TiO,-NP.

The parameters of the corrosion inhibitor BPTA and BPTA synergistic with 0.001 g
of TiO,-NP and the average inhibition efficiencies (%) were calculated and listed below in
Table 1.

Table 1. Molecular characteristics of BPTA and BPTA synergistic with 0.001 g, of TiO,-NPs.

Energies in eV Dipole
o moment
Inhibitor (Debye) AN 1E%
Enowmo ELumo AE
BPTA —8.003 -1.630 6.643 2.7 0.45 92
BPTA synergisticwith 1) 43, g 954 1.476 0.573 0.49 96

0.001 g, of TiO,-NPs

The relationship of inhibition efficiencies and HOMO energies levels for BPTA, and
BPTA synergistic with 0.001 g, of TiO,-NP, were demonstrated in Table 1. The inhibition
efficiencies increased with the increasing of HOMO energies levels. In Table 1, inhibition
efficiencies are against the LUMO energies, demonstrate that the IE decrease with the
LUMO energies levels increases. The relationship between IE and the energy gap is
negative (were demonstrated in Table 1).

Values of y and n as in Table 2, have been estimated utilizing the | and A calculated
from theoretical calculations. The y value of 7 eV/mol and the n value of 0 eV/mol for iron
atom [48], AN, the fraction of electrons transferred from inhibitor molecules to the iron
atoms, was estimated. The IE versus AN (presented in Table 1) clearly demonstrated that
the IE increased with the AN increase. According to other reports [48, 49], values of AN
showed that inhibition effect resulted from electrons donation. As agreed with the
investigation of Lukovits [50], if AN < 3.6 the IE increased with increase ability electron-
donating at the iron surface. In this study, the BPTA and BPTA synergistic with 0.001 g, of
Ti0,-NP were the donators of electrons, and the iron surface was the acceptor. BPTA and
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BPTA synergistic with 0.001 g, of TiO,-NP, were bound to the MS surface and thus
formed an inhibition adsorption layer against corrosion.

The structure of the molecules can affect the adsorption by influencing the electron
density at the functional group. Generally, electrophiles attack the molecules at negatively
charged sites. The regions of the highest electron density are generally the sites in which
electrophiles attacked. So N and S atoms were the active center, which had the strongest
ability of bonding to the metal surface.

Based on the discussion above, it can be concluded that the BPTA synergistic with
0.001 g, of TiO,-NP, has many active centers of negative charge. In addition, the areas
containing N and S atoms in addition to the two oxygen atoms of TiO, are the most
possible sites of bonding metal surface by donating electrons to the metal iron.

Table 2. The quantum chemical parameters for BPTA and BPTA synergistic with 0.001 g, of TiO,-NPs.

Function BPTA Synergistic
| = —Enomo 8.003 11.430
A=-E umo 1.630 9.954
1=-0.5(E, om0 — ELomo) 3.321 0.738
c=1/n 0.30111 1.3550
1 =~0.5(E, om0 *+ ELumo) 4.8165 10.692

3.5. Mechanism of corrosion inhibition

Determination of the adsorption is the major significant aspect in the mechanism
investigations of corrosion inhibitor actions [51]. Corrosion inhibition mechanism of
BPTA and BPTA synergistic with 0.001 g, of TiO,-NP in corrosive environment was
demonstrated by the adsorption of BPTA and BPTA synergistic with 0.001 g, of TiO,-NP
molecules onto the MS surface. The inhibition efficiencies of the BPTA and BPTA
synergistic with 0.001 g, of TiO,-NP are related to considerable factors such as alloy
type, acidic environment, structure of inhibitor including adsorption centers sites,
electronic structure, and inhibitor chemical characteristics, interactions type between
inhibitor molecules and MS surface [52]. The obtained results (experiments and
theoretical), adsorption, different inhibitor molecules may be adsorbed at different sites
on the surface of MS. Chemically the inhibitors are adsorbed on MS surface and form
protective layers or coordinated bonds through reaction of inhibitor molecules and MS
surface. The adsorption mechanism of organic inhibitor molecules can proceed through
these ways, 1st, electrostatically attract of charged molecules with MS. 2nd, reaction of
unpaired electrons with the MS surface. 3rd, reaction of r-electrons with MS surface. The
inhibition efficiencies of BPTA and BPTA synergistic with 0.001 g, of TiO,-NP may be
demonstrated according to the adsorption sites number, charge density, molecular size,
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mode of interaction with the MS surface and capability to form coordination complex. The

n-electrons of double bonds and unshared electrons on the sulfur and nitrogen atoms form
chemical bonds with the MS surface as demonstrated in Figure 10.
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Figure 10. Suggested mechanism of action of the BPTA.

The oxygen atoms of TiO, in addition to n-bonds and unshared electrons on the S and
N atoms with the MS as demonstrated in Figure 11.
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Figure 11. The suggested mechanism of action of the synergistic BPTA with TiO,-NP.
3.6. Characterization of TiO,

X-Ray characterization

The crystal structure, crystallinity and crystalline size for the synthesized NPs were done
by (XRD; Bruker axs DS8) using CuKa (A = 0.15406 nm) radiation. Figure 12 shows the
XRD pattern of the prepared TiO,-NP. The diffraction peaks appeared at 20 = 26.04°,
42.95° and 57.03°, these angles were assigned to (100), (101) and (111) planes. The
diffraction peaks at these angles indicating that TiO, was in the anatase phase. The intense
XRD peak of the prepared sample indicates that the NPs were crystalline while the broad
peaks indicated small crystalline size. There was a slight shift in 20 values, this shift
confirmed that the NP positioned at the higher angles have a slightly larger particle size
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than that appeared at lower angles. The crystalline size (D) of the prepared TiO, NP was
calculated by Debye—Scherer equation 11:

D kA
Bcos 6

11)

Where k = 0.9 is a dimensionless geometric factor that accounts for the particle shape, B is
the full width at half maximum (FWHM) of the most intense peak and 6 is the diffraction
angle.

According to the XRD data, the particle size of the synthesized TiO,-NP was found to
be 13 nm. These investigations are agreeing with previous reports [53].
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Figure 12: The X-ray characterization of TiO,-NP.

Conclusions

In this study, a benzylidene derivative with & electron-rich aromatic rings namely BPTA
has been synthesized and characterized using FTIR, NMR and elemental analyzer. TiO,-
NP were also synthesized and characterized by XRD. The inhibition impact of the
synthesized inhibitor BPTA and BPTA synergistic with TiO,-NP for MS in the corrosive
environment was evaluated utilizing weight loss. Theoretical investigations were
performed to evaluate the adsorption or binding of the synthesized inhibitor molecules onto
the MS surface. The synergy of BPTA with TiO,-NP exhibited a superior IE. Corrosion
impedance efficiency was found to depend on the BPTA concentration and the solution
temperature. Results from the experimental and theoretical considerations are in good
agreement confirming that BPTA synergy with TiO,-NP is a better corrosion inhibitor than
BPTA alone.
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