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A 2-cyano-N-(4-morpholinobenzyldine) acetohydrazide is used as a corrosion inhibitor for both
galvanized steel (GS) and 304 stainless steel (304 SS) in 1M H2SO4. The corrosion inhibition efficiency
of GS and 304 SS in 1M H>SOs were studied using both chemical (weight-loss (WL)) and
electrochemical techniques. The obtained results were used for calculating the inhibition effectiveness,
corrosion rate (CR), and adsorption characteristics. The inhibitors adhere to the Langmuir adsorption
isotherm on the investigated different surfaces. The SEM micrographs were investigated of GS and 304
SS with and without inhibitors at optimum conditions. The inhibitor led to a smooth and dense protective
layer formation. Quantum chemical investigation of 2-cyano-N-(4-morpholinobenzyldine)
acetohydrazide was studied.
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1. INTRODUCTION

Corrosion changes the material properties with its surroundings, which impair material function
and possibly the environment [1, 2]. Corrosion inhibition is a signification issue for studying and
enhancement the corrosion behavior by increasing the corrosion resistance in all branches of technology
[3, 4]. Its selection influencing by temperature, kind of metal, concentration and flow rate of the
corrosive media, its purpose is to reduce the corrosion rate (CR) by lowering the anodic rate, cathodic
rate, or both corrosion reactions. The different types of inhibitors are anodic, cathodic and mixed
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inhibitors [5]. Mixed inhibitors are organic chemicals that control both metal dissolution and cathodic
reaction, decelerating and controlling corrosion, used in chemical, petrochemical and oil exploration
industries. The researchers needed to develop a new organic corrosion inhibitors with low cost, high
availability and sufficient adsorption and good performance for the different environmental profiles.
Heteroatoms (N, O, or S), multiple bonds, and/or aromatic rings should all be present in the inhibitor
molecule, be soluble and stable in the used medium and green environmentally [6, 7]. The hydrazide
derivatives have been deeply investigated their performance for corrosion inhibitive in acid media on
mild steel [8]. The corrosion of several organic compounds were investigated in 1 M HCI on mild steel
[9, 10]. Finding that as the concentration of all examined substances raised, it increases their inhibition
performance. The researchers also looked into quantum chemistry to see whether they can link inhibitor
molecular structures to inhibition effects [5, 10-11]. The inhibitors usage is one of the most cost-effective
ways to protect mild steel surfaces against corrosion in the industry [16]. The majority of organic
inhibitors are heterocyclic molecules such as azoles, pyridine and imidazoline [17-19], or like polymers
[20, 21].

The aim of the work is to investigate the experimental and theoretical behavior of 2-cyano-N-(4-
morpholinobenzyldine) acetohydrazide as a corrosion protection of galvanized steel (GS) and 304
stainless steel (SS) in 1M H2SO4 solution by the weight-loss (WL) method, electrochemical technique
and surface morphology. Quantum chemical investigation of 2-cyano-N-(4-morpholinobenzyldine)
acetohydrazide were studied.

2. EXPERIMENTAL WORK

2.1 Synthesis of the Schiff base Ligand CMBAH

Preparing pure ethanol (50 ml) with 1 ml glacial acetic acid and 0.3 g sodium acetate anhydrous,
a mixture of 4-morpholinobenzaldehyde (1.91 g, 0.01 mol) and 2-cyanoacetohydrazide (0.99 g, 0.01
mol) was refluxed for 6 h. The product was cooled to room temperature (RT) before being filtered and
recrystallized from ethanol, then dried under vacuum to provide yellow crystals with 83% yield, m.pt.
170 ° C. The proposed ligand formula (C14H16N4O2, F.W. = 272.30) well agree with the stoichiometry
derived from analytical data and mass spectra, as existed in Scheme 1.
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Scheme 1. Synthesis of the ligand CMBAH.
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2.2 Materials

The galvanized steel has a 25 pum thickness of pure zinc. The chemical composition of 304 SS is
18%Cr, 8%Ni, 2%Mn, 0.03%S, 0.08%C, 0.75%Si, 0.045%P and balance is Fe.

2.3 Weight-loss Method (WL)

The corrosion is measured periodically for GS and 304 SS. The initial weight of the polished
investigated samples were measured. The samples were suspended in duplicate into the solution using
glass hooks and a 100 mL beaker for solutions. Prior to immersion in a 1M H>SO4 solution, the GS and
304 SS specimens were weighed. The specimens were released after 1, 2, 3, and 4 h, rinsed with water,
dried, and weighed to four decimal accuracy. The WL is the difference between weight before and after
immersion in the solution. The experiment was repeated for the inhibitor concentrations (0, 50, 100, 150
and 200 ppm) in 1M H2SOs4. The CR in mm/y is calculated as follows Eq. 1 [12, 13]:

AWXK

CR(mm/y) = ATxD

€y

where: K = a constant (8.76x10%), T = time of exposure in h, A = area in cm?, AW = weight-loss
in grams, and D = density in g/cm?.

The inhibition efficiency (IE) and surface coverage (0) are determined by:

5o, - CRo—CRinh ,
=" CRo X ©

Where CRo and CRinn are the CR of specimens in the presence and absence of inhibitor,
separately [14].

IE

The level of surface coverage (0) = 100 3

2.4. Potentiodynamic polarization estimations

Potentiodynamic polarization curves for GS and 304 SS in corrosive media were swept at a rate
of 0.2 mV/s between — 1.0 and + 1.0 V. Prior to the corrosion experimental, the operating electrode was
submerged in the test solution for 30 minutes to provide a quasi-stationary estimate of the open circuit
potential. Values of current and potential of corrosion (lcor and Ecor) Were measured using the
intersection of the linear cathodic and anodic branches of Tafel plots in the presence and absence of
various concentrations of investigated inhibitor. The surface inclusion degrees (0) and inhibitive
efficiency (IE %) were also calculated in potentiodynamic measurements.
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2.5 Surface Morphology

The corroded GS and 304 SS surface morphologies in absence and presence of 2-cyano-N-(4-
morpholinobenzyldine) acetohydrazide as a corrosion inhibitor were investigated.

3. RESULTS AND DISCUSSION

3.1. Ligand CMBAH Characterization

The Schiff base Ligand CMBAH structure was investigated by elemental analyses, IR, UV-Vis,
and mass spectra. Anal. calculated %: C, 61.75; H, 5.92; N, 20.58. Found%: C, 61.84; H, 5.93; N, 20.53.
The IR spectrum (cm™) bands of the ligand at 3170, 1679, 1628, 1611, 1312 and 1090, corresponding
to v(NH), v(C=0)amide, 6(NH), v(C=N)azomethine, v(C-N), and v(C-0O), respectively [15].

The electronic absorption spectrum, Amax(Nm), of the ligand (102 M in DMF), revealed three
different bands at 290, 355 and 410 which can be attributed to - * transition inside the aromatic system,
n- ©* transition inside C=N and an intermolecular charge transfer (CT) transition within the entire
molecule. The CMBAH mass spectrum illustrates the molecular ion peak at m/e = 272.33 amu, which
confirms the formula weight (F.W. = 272.30) as provided in Fig. 1. The mass fragmentation pattern
supported the suggested structure of the CMBAH as given in Scheme 2.
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Figure 1. Mass spectrum of the ligand CMBAH
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Scheme 2. Mechanism of mass fragmentation of Schiff base ligand

3.2 Weight-loss Method (WL)

3.2.1 Effect of inhibitor concentration

The corrosion rates of GS and 304 SS in 1M H2SO4 for various concentrations of 2-cyano-N-(4-
morpholinobenzyldine) acetohydrazide inhibitor were determined after 4 h of immersion. At RT and
concentrations of 2-cyano-N-(4-morpholinobenzyldine) acetohydrazide in 1M H2SOq acid, the corrosion
of GS and 304 SS were reduced. The percentage inhibition efficiency rate (IE %) and CR from WL
method at various concentrations of investigated inhibitor are provided in Table 1 and provided in Table
1. The presence of a protective film on the electrode surface and the decrease in the effective electron
transfer rate at the interface led to the maximum protection efficiency against corrosion of 304 SS at 50
ppm concentration was about 93 %. Table 1 demonstrates that WL and CR progressively decreased with
inhibitor concentration. The best protection appears on 304 SS at 50 ppm investigated inhibitor but the
zinc layer easily dissolution in GS.
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Table 1. Inhibition efficiencies, CR, Degree of coverage of various concentrations of investigated
inhibitor (0-200 ppm) for corroded GS and 304 SS in 1M HSO4 after 4 h at RT.

Inhibitor GS 304 SS
concentratio
nsinlM WL, CR, 0 WL, CR, 0
HoSO4 ; s 0 E% | 7 Py ¥ 0 IE, %
(ppm)
0 0.199 | 248.82 -- -- 0.082 | 114.24 -- --
50 0.167 | 207.77 0.165 16.49 | 0.006 8.37 0.927 92.67
100 0.169 | 211.14 0.151 15.14 | 0.015 | 20.92 0.817 81.68
150 0.178 | 222.62 0.105 1053 | 0.016 | 22.32 0.805 80.46
200 0.170 | 212.01 0.148 14.79 | 0.016 | 22.32 0.805 80.46

3.2.2 Adsorption isotherm

The surface coverage (0) for investigated inhibitor concentrations was calculated. From Fig. 2, a
plot of C/0 versus C gives a straight line which indicated that the investigated inhibitor obeyed Langmuir
adsorption isotherm. Concluding that the maximum inhibition corresponds to the adsorbed layer
formation of the inhibitor on the active sites of the metal surface GS and 304 SS.
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Figure 2. Langmuir’s plot of inhibitors in 1M H2SOg.

3.2.3 Effect of immersion time

Tables 2 and 3 demonstrate the effect of immersion time on the corrosion of the GS and the 304
SS in 1M H2S04 with different conditions. The CR obtained from WL of GS and 304 SS in 1M H»SO4
with different concentrations of 2-cyano-N-(4-morpholinobenzyldine) acetohydrazide at different
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immersion time is tabulated in Tables 2 and 3. The CR significantly decreased as the immersion period
was increased up to 4 h, where the protection efficiency increased. The protective film formation on the
electrode surface of GS or 304 SS increases the protection efficiency values.

Table 2. The WL results of GS in 1M H2SO4 with (0-200 ppm) concentrations of investigated inhibitor
at different immersion time.

Concentration of inhibitor in 1M H2SO4, ppm

Time, h 0 50 100 150 200

WL, | CR, | WL, CR, WL, CR, WL, CR, WL, CR,
g mm/y g mml/y g mm/y g mm/y g mm/y
0.163 | 811.11 | 0.139 | 691.32 | 0.152 | 758.70 | 0.153 | 763.69 | 0.154 | 766.19
0.171 | 426.77 | 0.154 | 383.09 | 0.156 | 388.09 | 0.170 | 424.27 | 0.156 | 388.09
0.174 | 289.50 | 0.157 | 260.89 | 0.164 | 272.53 | 0.173 | 287.34 | 0.160 | 266.54
0.199 | 248.82 | 0.167 | 207.77 | 0.169 | 211.14 | 0.178 | 222.62 | 0.170 | 212.01

AIWIN

Table 3. The WL results of 304 SS in 1M H2SO4 with (0-200 ppm) concentrations of investigated
inhibitor at different immersion time.

Concentration of inhibitor in 1M H2SQO4, ppm

Time, h 0 50 100 150 200

WL, CR, WL, CR, WL, CR, WL, CR, WL, CR,
g mm/y g mm/y g mm/y g mm/y g mm/y
0.085 | 473.71 | 0.005 | 27.89 | 0.002 | 11.16 | 0.007 | 36.27 | 0.014 | 75.32
0.084 | 234.06 | 0.003 | 8.37 | 0.004 | 11.15 | 0.013 | 36.26 | 0.018 | 50.22
0.083 | 154.18 | 0.004 | 7.44 | 0.005 | 9.29 | 0.015 | 18.59 | 0.011 | 20.46
0.082 | 114.24 | 0.006 | 8.37 | 0.015| 20.92 | 0.016 | 22.32 | 0.016 | 22.32

AlWIN P

3.3 Potentiodynamic polarization estimation

Figs. 3 and 4 provide the potentiodynamic polarization curves for GS and 304 SS in different
conditions, respectively. Various corrosion parameters as corrosion potential (Ecorr), anodic and cathodic
Tafel slopes (fa, fc), the corrosion current density (lcorr), and the inhibition efficiency (IE %), are shown
in Table 4. It can be seen that the inhibitor has a small effect on anodic Tafel consistent (fa) estimates
and a more important impact on cathodic Tafel steady (5c) estimates, demonstrating that the inhibitor
can alert the cathodic response instrument and may not have effect of anodic disintegration phase [22].
The change in values of cathodic Tafel slope (f¢) is propose that the response component of the hydrogen
decrease is not the equivalent in the existence and absence of investigated inhibitor.

Table 5 illustrates clearly that the current density (lcorr) and CR values are decreased, as predicted
in the existence of various concentrations of investigated inhibitor. The inhibiting activity is expanded
with the concentration to arrive at the greatest estimation of 62.6 % and 59.4 % at 50 ppm for GS and
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304 SS, respectively. The Ecorr Value moved in the negative direction by incorporating inhibitor. In
addition, the negative corrosion potential change suggests that the compounds examined are consider
cathodic inhibitor [23]. The abatement in the erosion current density and the expansion in the hindrance
effectiveness might be credited to the physical adsorption of the investigated inhibitor on the GS or 304
SS surface. The results of the tests based on polarization curves revealed that in the presence of inhibitor,
lcorr decreases dramatically at all concentrations studied. Tafel polarization technique affirmed the main
WL results, giving some extra data. They are dictated by extrapolation of Tafel lines to the corrosion
potentials.

Table 4. Corrosion parameters obtained from polarization curves for corroded GS in 1M H>SO4 with
concentrations of investigated inhibitor (0-200 ppm) at RT.

Inhibitor
concentrations in Ecorr lcorr Pa be CR 0 =
1 M H2SOq4 mV | mA/cm? | mV/dec | mV/dec | mm/y %
(ppm)
0 -514 25.59 145 -139 299.3 -- --
50 -933 | 9.56 178 | -160 | 1118 | 0.626 | 62.6
100 957 | 16.34 | 177 52 | 1911 | 0.362| 36.2
150 -943 22.10 135 -117 o584 | 0.136 | 13.6
200 041 | 2237 | 120 | -114 | 9616 |0.125] 125

Table 5. Corrosion parameters obtained from polarization curves for corroded 304 SS in 1M H2SO4 with
concentrations of investigated inhibitor (0-200 ppm) at RT.

Inhibitor
concentrations in Ecorr lcorr Pa Be Cl 0 I=
1 M H2SOq4 mV | mA/cm? | mV/dec | mV/dec | mm/y %
(Ppm)
0 -282 | 1.59 200 134 | 186 | - -
50 -305 0.64 249 -159 75 |0.594 | 59.4
100 304 | 074 183 166 | g7 |0.531| 53.1
150 319 | o83 174 128 | g7 | 0479 479
200 -334 0.95 212 -137 129 |0.304 | 304
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Figure 3. Potentiodynamic polarization curve for the corrosion of GS in 1M H>SO4 with concentrations
of investigated inhibitor (0-200 ppm) at RT.
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Figure 4. Potentiodynamic polarization curve for the corrosion of 304 SS in 1M H2SOs with
concentrations of investigated inhibitor (0-200 ppm) at RT.
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3.4 Surface Morphology

The polished surfaces of GS and 304 SS immersed in 1M H2SOg in the presence and absence of
inhibitor were examined using SEM as provided in Fig. 5. The corroded surface was found with etched
grain boundaries as provided in Fig. 5(a). The morphology indicates that the surface is strongly damaged
in the absence of inhibitor (active corrosion). However, the micrographs in the presence of the inhibitor
have a lower corrosion sites and pits over the surface as provided Figs. 5 (b and c) than without inhibitor.
This could be related to the creation of an inhibitor adsorption layer on the specimen surface. Increasing
the concentration from 50 to 200 ppm increasing CR as shown in Fig. 5. The compound with 50 ppm
impair the GS. While increasing the concentration of inhibitor on 304 SS from 50 to 200 ppm increasing
CR Fig. 6. The compound with 50 ppm improve the 304 SS. From these observations, it was found that
the inhibitor had a good inhibition effect for the 304 SS matching with the WL estimation.

Figure 5. Scanning electron micrographs of GS after immersion in (a) 1M H2SO4 (b) 1M H2SO4+50
ppm (c) 1M H2S04+200 ppm
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Figure 6. Scanning electron micrographs of 304 SS after immersion in (a) 1M H2SO4 (b) 1M H2SO4+50
ppm (c) 1M H2S04+200 ppm

3.4 Theoretical studies of ligand

The prepared ligand CMBAH's 3D-optimized molecular structure has been adjusted, as
illustrated in Fig. 7. The molecular parameters are the total energy, dipole moment, energy of the highest
occupied molecular orbital (EHomo) and energy of the lowest unoccupied molecular orbital (ELumo), as
given in Fig. 8, AE (the gap between the HOMO and LUMO energy levels, Egap), chemical potential
(pi), electrophilicity index (®), absolute softness (o), absolute hardness (1), and additional electronic
charge (AN) were estimated [24] and tabulated in Table 6

@ 2,

" 3
OQII::,

Figure 7. Modeling structure of ligand (CMBAH).
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Figure 8. 3D plots frontier orbital energies using DFT method for CMBAH ligand.

Table 6. Theoretical and calculated quantum chemical parameters of molecular modeling of the ligand

CMBAH.

Parameters CMBAH
Total energy, (kcal / mol) -5728.82

Dipole moment, (Debye) 6.3123
Chemical potential -0.14257

Exomo -0.2353

ELumo -0.0785

AE 0.14256

n 0.07128
o 14.02918

AN 2.0001

) 0.14258

First, the reactivity index evaluates the energy stabilization when a system acquires an additional
electronic charge (N) from the environment, according to the data. Electrophilicity index (o) Is positive,
specific quantity, and the charge transfer direction is completely estimated by the electronic chemical
potential (pi) of the molecule. Electrophile is a chemical species able to accept electrons from the
environment and its energy must decrease upon accepting electronic charge. As a result, the electronic
chemical potential must be negative as demonstrated in Table 6. Secondly, the high values of HOMO
energy (Enomo) of the ligand under investigation HL reflects a great trend of that ligand to offering
electrons to empty d orbitals of the metal ions that resulting in high interaction efficiency between the
ligand and the metal ions. Finally, the LUMO - HOMO energy gap (AE) values of AE indicate that the
ligand in the investigation has high inclination to bind with the metal ions. Another descriptor which
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predict the ligand activity is molecular electrostatic potential (MEP) given in Fig. 9. MEP is also
represented the active sites of love of nucleus and love of electron attack. In the obtained MEP, blue
color (positive) regions are descriptions for the love electron sites but the red color (negative) regions
are descriptions for love nucleus attack. All reactivity descriptors equations in this study summarized as
reported elsewhere [25-27].

2 o

- ) 2 ; :

B\ 3
"3‘3..00% A

9

Counter plot

Figure 9. Schematic of MEP map and counter plots for CMBAH ligand

4. CONCLUSIONS

The corrosion behavior of GS and 304 SS in 1M H>SOs solution using 2-cyano-N-(4-
morpholinobenzyldine) acetohydrazide as a corrosion inhibition were investigated. It was demonstrated
that the 2-cyano-N-(4-morpholinobenzyldine) acetohydrazide is effective inhibitors for the corrosion of
304 SS in 1M H2SO4 at 50 ppm concentration. Increasing the inhibitor concentration proportionally
increases the inhibition efficiency. The compound inhibits corrosion by adsorption of this compound
from acid solution follow Langmuir’s adsorption isotherm for all concentrations. The surface
micrographs of GS and 304 SS revealed the formation of a smooth and dense protective layer.
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