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Abstract- Potentiodynamic polarization (PDP) and electrochemical impedance spectroscopy
(EIS) techniques were used to examine the inhibitory effect of omeprazole (OMP) on the
corrosive behavior of Al-Mg-Si alloy in 0.5 M H2SO4. SEM/EDS microscopy methods and
X-ray diffraction (XRD) analysis were utilized to examine the surface morphology. According
to the findings, OMP acted flawlessly as an inhibitor of corrosion for an Al-Mg-Si alloy in 0.5
M H2SOs at 298 K. The effect of temperature on inhibition efficiency was also discussed.
Moreover, the experimental results suggest that OMP is an effective inhibitor, with a maximum
inhibition efficiency of 90.5% at a concentration of 1.5 g/L, and the potentiodynamic
polarization curves show that it is a mixed-type inhibitor. Electrochemical impedance
spectroscopy discovered that an inhibitory adsorption film was being formed on the surface of
the Al-Mg-Si alloy, and that this adsorption isotherm model is being followed. Thermodynamic
activation parameters have been identified and discussed.

Keywords- Aluminium alloy corrosion; Sulfuric acid; Omeprazole; Electrochemical
techniques; SEM/EDS/XRD
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1. INTRODUCTION

Aluminum alloy has seen an increase in industrial use since its desirable properties were
discovered; it is now commonly used as a material in vehicles, aircraft, home appliances,
containers, and electronic devices. The rapid formation of oxide films on the surface of
aluminum accounts for its resistance to corrosion in aqueous media [1]. However, aluminum
corrodes quickly in the presence of corrosive chemicals. This protective coating typically
disintegrates and eventually assaults the metal when exposed to acidic environments including
pickling, etching, descaling, and oil well acidification. The majority of designed metal
components are exposed to chemical attack and exposure, as well as minimal in-service stress
conditions [2]. These attacks eventually result in the metal pieces losing their ability to support
the design load due to a reduction in effective thickness. The component wastes metal, which
prevents it from supporting the appropriate load capacity because it gradually or suddenly loses
technical functioning [3].

Because of its benefits, aluminum is an economically significant metal, and its alloys are
widely utilized in numerous sectors such as reaction vessels, pipelines, equipment, and
chemical batteries. Many writers have concentrated on the investigation of aluminum alloy
corrosion in various aqueous solutions. Techniques for preventing and controlling corrosion
include applying metallic coatings, cathodic protection, altering the atmosphere, choosing the
right materials, and using chemical, organic, and environmentally friendly inhibitors, among
others. In the field of corrosion chemistry, there is a growing interest in the development of
organic-based aluminum corrosion inhibitors [4].

Several factors such as the electronic structure of the inhibitor molecules, steric factor,
aromaticity and electron density at the donor site, as well as the presence of functional groups
such as NH, -N = N-, -C = N-, -CHO, R-OH, all have an effect on the adsorption of organic
molecules that possess heteroatoms such as phosphorus, nitrogen or sulfur, which are excellent
corrosion inhibitors. the inhibitor's molecule's molecular mass and surface area. Adsorption,
which results in the formation of a protective film on the metal surface, is the mechanism
underlying the inhibition process of these compounds. Due to its biodegradability,
environmental friendliness, low cost, and availability, the use of inhibitors derived from
pharmaceutical drugs during the corrosive pickling process are one of the most effective
methods to prevent metal from corroding in acidic environments [5].

Omeprazole (OMP) is an outdated drug that was used in this study to inhibit the corrosion
of Al-Mg-Si Alloy in an H2SO4 (0.5 M) solution. Among the most important characteristics of
this component, which is environmentally friendly and non-harmful to human health, as well
as its cost-effectiveness, is that it is low and simple to manufacture with a high degree of purity,
and its chemical composition reveals that it contains many active sites that aid in the adsorption
process [6]. The current study aims to investigate the inhibition effect of an eco-friendly
compound on Al-Mg-Si alloy in H2SO4 (0.5 M) based on the previously cited literature. The
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corrosion inhibition performance of OMP was determined by various electrochemical
approaches [potentiodynamic polarization (PDP) and electrochemical impedance spectroscopy
(EIS)].

Additionally, both with and without inhibitory molecules, the effect of temperature on the
dissolution of the Al-Mg-Si alloy was investigated. The parameters of thermodynamics were
computed and explained. The corresponding adsorption and protective mechanisms at the
molecular and atomic levels were explored through the Langmuir, SEM, EDS, and XRD. It is
believed that this study could offer interesting conceptions in the development and practical
application of green inhibitors.

2. EXPERIMENTAL SECTION
2.1. Material preparation and solutions

Al-Mg-Si alloy with a chemical composition measured in weight percent was the metal
employed in this study: 0.4-0.9Mg, 0.3-0.7Si, Al balance. The test materials were polished to
a 1200-grade finish with various emery papers before exposure, then cleaned with acetone,
washed with bidistilled water, and thoroughly dried [7]. The molecular structure of OMP
(C17H19N303S) is depicted in Figure 1. The concentration of OMP (OMP) ranged from 0.3 g/L
to 1.5 g/L in 0.5 M H2SO4 solution.

P N
ﬁ% N

Figure 1. The molecular structure of OMP

2.2. Electrochemical Measurements

All experiments were carried out using an Origaflex Potentiostat/Galvanostat
(OGF05A) controlled by a desktop computer running Origamaster5 software; a three-
electrode cell set: The working electrode was an Al-Mg-Si Alloy aluminum electrode with
a surface area of 1 cm? which was immersed in the electrolyte solution for 30 minutes at
open circuit potential (Eocp). The auxiliary electrode, the counter electrode, was CI-(3
M)/Hg2Clz(s)/Hg (L)/Pt.

Polarization curves were captured between the potential ranges of "-1.20 to -0.25 V" at
a scan rate of 5x10™* V/s. Using an amplitude of 0.01 V, a density of 20 steps per decade,
and a frequency range of 0.1x10° Hz to 0.1x10* Hz, electrochemical impedance
spectroscopy (EIS) measurements were performed. All of the gathered data were evaluated
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using the equivalent circuit program EC-Lab. However, for the sake of repeatability, the
tests were repeated three times. The polarization resistance in the non-existence (R, ) and

existence (R, ;,,) of the OMP inhibitor can be used to predict the inhibitory impact of the

test molecule by means of the EIS information, as described in equation (1):

R_..—R
Meis (%) = P 100 1)
p—inh
The equation may be used to calculate the PDP inhibition efficiency (%) from the
corrosion potential obtained from the Tafel line segments of the anodic and cathodic curves

to yield i__ (in the absence of OMP concentration) and il™" (in the presence of the various

corr corr

concentration of OMP) (2):

i _ iinh
oo (%) = 21 100 @

corr

2.3. UV-Vis spectroscopy

In surface treatments, the electrode was scraped with progressively finer emery paper
grades up to 1200 before being cleaned with bi-distilled water, degreased with an alkaline
solution, and dried. At ambient temperature, the solutions' spectral absorption was
determined using a UV-Vis spectrophotometer (Jasco model V-730). For the UV-Vis
spectrum, the spectra were obtained between 200 and 800 nm.

2.4. SEM-EDS analysis and X-ray diffraction

After 24 hours, 48 hours, and 72 hours of immersion in 0.5 M H2SO4, Al-Mg-Si alloy
surface specimens were subjected to the optimal inhibitor concentration and the absence of
the inhibitor, respectively, using a Shimadzu 6100 diffractometer. Measurements were
conducted with CuK ((A = 1.541838), an angular range of 30° <260 < 80°, and a sweep rate
of 2 deg/min. The morphological and specimen estimation were completed by means of a
scanning electron microscope with X-ray detection. A JEOL-Model JSM-IT 100 with an
acceleration energy of 2x10* V was used for the measurements.

3. RESULTS AND DISCUSSION
3.1. Electrochemical measurements
3.1.1. Open circuit potential

Figure 2 shows the progression of the open circuit potential (Eocp) Over time for the
dissolution of an Al-Mg-Si alloy in a 0.5 M H2SO4 solution without and with various
concentrations of OMP. The potential-time curve shifted to the positive side in the absence
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of a corrosion inhibitor. Because of its highly active nature, the passive aluminum oxide
film formed quickly. After a while, the Eocp became negative. This pattern is attributed to
the dissolution of the passive oxide film due to sulfate ion adsorption (SO7"). In the
presence of the inhibitor, Eocp increased towards positive values with rising OMP
concentrations within 30 minutes, encouraging the creation of an aluminum oxide and OMP
film on the metal surface. This behavior could be explained by the stable adsorption of
OMP molecules on the surface of the Al-Mg-Si Alloy sample.
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Figure 2. OCP values of Al-Mg-Si Alloy in 0.5 M H2SO4 at diverse concentrations of OMP

3.1.2. Concentration effect of OMP by potentiodynamic polarization

Figure 3 shows the plotted potentiodynamic polarization curves for Al-Mg-Si Alloy in

0.5 M H»SO4 with inhibitor concentrations ranging from 0.3 g/L to 1.5 g/L at 298 K. The
electrochemical parameters and the inhibitory efficiency 7., (%)derived from the

polarization experiments are summarized in Table 1.

Table 1. Electrochemical parameters obtained from potentiodynamic polarization curves
of Al-Mg-Si Alloy in 0.5M H2SO4 solution containing different concentrations of OMP

—Eeorr icorr -
Conc (MVsce) (WACm?)  (mV/dec) (EriV/dec) oo (%)
Blank 738.0 102.0 301.4 224.3
03g/L  906.9 49.8 359.5 292.5 51.2
07g/L  805.6 27.0 3315 287.3 73.5
10g/L  905.0 18.1 414.3 3215 82.2

1.5¢9/L 864.8 9.5 287.0 237.9 90.7
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Figure 3. PDP curves for Al-Mg-Si alloy corrosion in 0.5 M H2SO4 and at various OMP
concentrations

The inhibitor raises both the anodic and cathodic overvoltage, but its effect on the
cathodic side is much subtler. In fact, the anodic reaction occurs when the metal dissolves
in a strongly acidic solution, allowing aluminum ions to move from the metal surface into
the solution. While the cathodic region's reaction involves the release of hydrogen protons,
which contributes to the production of Hz, an inhibitor's role is to obstruct either the
cathodic or anodic reaction, or both [8,9].

The anodic and cathodic sets reactions in according to the following equation:

Al — AP* + 3e” (3)
2H* + 2e” — 2Ha4s — H> (4)

The Tafel lines are parallel in the cathodic domain (Figure 3), and the cathodic Tafel
slopes (Bc) in Table 1 are almost unchanged, indicating that activation controls the reduction
of hydrogen protons on the metal surface; additionally, OMP does not affect the hydrogen
release mechanism. Table 1 shows that the inclusion of OMP reduces the anodic and
cathodic current densities, increasing the inhibition efficiency to 90.7%. Additionally, it
was discovered that the addition of the inhibitor somewhat altered the Tafel line slopes of
the anodic (Ba) and cathodic (Bc). These findings demonstrated that this inhibitor simply
prevents the surface area from becoming accessible.

These results imply that the inhibitor simply blocks the accessible surface in order to
function. This indicates that the inhibitor only partially inactivates the surface with respect
to the corrosive medium while having no effect on the Al-Mg-Si Alloy's dissolution
mechanism [10,11]. Additionally, in the presence of OMP, the corrosion potential, Ecorr,
moves into the cathodic area. However, the shift in two concentrations is less than 85 mV,
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which is the generally acknowledged cutoff point for the Ecorr shift at which an inhibitor
can be classified as solely anodic or cathodic[12,13]. The alteration in Ecorr Values may be
attributed to a mixed type of inhibition, in which the inhibitor to a varying extent effectively
regulates both the hydrogen evolution at the cathode and the metal dissolution at the anode;
the inhibitor's main regulation, however, is on the cathodic hydrogen evolution reaction,
which reduces the rate of corrosion overall [14]. Additionally, to these results, the
considerable reduction in corrosion current density, icor, In the presence of OMP
demonstrates a significantly slowed corrosion process at the optimal OMP concentration of
1.5g/L in 0.5 M sulfuric acid.

3.1.3. Concentration effect of OMP by Electrochemical impedance spectroscopy (EIS)

The impedance behaviour as a function of inhibitor concentration was investigated
using the electrochemical analysis software EC-lab. this study was represented graphically
by Nyquist (Figure 4a) and Bodes (Figure 4b) plots.
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Figure 4. The Nyquist plots(a), bode-module -phase(b) plots for aluminum in 0.5 M H2SO4
solution containing various concentrations of Omeprazole (OMP) at 298 K

The Nyquist complex Figure 4a plot in each case shows only a single depressed capacitive
semicircle, implying a unique relaxation process with a single time constant at the
electrode/electrolyte interface. The depression observed in the semicircle is attributed to the
electrode surface's heterogeneity and roughness [15]. The Nyquist plots assume that the
polarization resistance Ry governs the corrosion of Al-Mg-Si Alloy in an H2SO4 solution.
Furthermore, the diameter of the capacitive loop in the presence of the utilized inhibitor is
greater than that of the blank solution and rises with inhibitor concentration [16]. This results
in improved inhibition performance, which might be due to greater surface covering by the
inhibitor molecules. This feature inhibits the aggressive solution's direct access to the metal
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surface, so preventing the metal dissolution process. Furthermore, The Cgy; values diminish as
the inhibitor concentration. This seems to be attributed towards the adsorbed inhibitor
molecules progressively replacing the water molecules in the double layer, forming an adherent
film on the metal surface and lowering the local dielectric constant of the metal-solution
interface[17]. However, the following might explain the inhibitor's rather strong performance:
On the aluminum oxide (Al203) coating develops naturally; this film protects the metal until it
is largely dissolved in the acid solution[18,19].

Figure 4b of the Bode plots shows the existence of a unique time constant at all inhibitor
concentrations. It further indicates that the phase angle depression at the relaxation frequency
decreases with increasing inhibitor concentration, indicating that the capacitive response
increases with increasing inhibitor concentration. Additionally, we can see from the phase
angle plots that increasing the inhibitor concentration causes an absolute value of the phase
angle plots to be close to 80°. This suggests that at higher concentrations, there is a higher
corrosion inhibition behavior due to greater interactions between the OMP molecules and the

Al-Mg-Si Alloy surface[20].
While the resultant semicircular shape provides different levels of corrosion protection,
detailed analysis required adjustment of the data obtained with the equivalent electrical
circuit. Based on the proposed equivalent circuit (EEC) presented in

Figure 5, the EIS data were simulated.

CPE
[N

Rs
A% >
Rp

Figure 5. Equivalent circuit for the metal-acid interface

The solution resistance Rs (Q cm?), and the polarization resistance Ry (Q cm?) were
generated by fitting the data with a single constant equivalent circuit, and CPE is a constant
phase element representing the double layer capacitance of the Metal-solution interface,
introduced to compensate for system heterogeneity caused by surface roughness, inhibitor
adsorption, porous layer formation, and so on. The CPE impedance (Zcpe) is derived from the
following equation[21]:

Lope = Q_l ( ja))in ®)

where the CPE constant Q is in Q's" cm?, o is the angular frequency, j is the imaginary
number (j* = —1); n is the deviation parameter (—1 <n < +1), which has the meaning of a phase
shift.

In this case, the value of the double layer capacitance (Ca) was also determined by using
the follows Eq. 6:
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Cd| :,”/Q X Rdll_n (6)

Table 2. Impedance parameters of AIl-Mg-Si Alloy in HzSOs containing different
concentrations of OMP

126

Conc Rs Rp Qui n Cal Meis (%)
(Qcm?) (Qcm?) (LQ ! s" cm?) (uF cm?)

Blank 3.0 135.0 50.0 0.9980 49.5

0.3g/L 5.1 395.7 28.5 0.9967 28.1 65.9

0.7 g/L 8.3 751.7 21.6 0.9567 17.9 82.0

1.0g/L 6.3 1309.2 17.3 0.9742 15.6 89.7

1.5¢g/L 7.7 1439.0 2.56 0.9880 2.40 90.6

Further investigation of the results in Table 3 reveals that when moving from the
uninhibited to the inhibited solution, Rp values increase while Cq values decrease, and this
behavior becomes more pronounced as the inhibitor concentration increases. The reduction
in Cqi is due to the efficient adsorption of OMP molecules onto Al-Mg-Si Alloy via water
molecule replacement, which reduces the extent of the dissolution reaction. Additionally,
we can see that the n values do not vary significantly even after the addition of increased
inhibitor concentrations, which can aid in the prediction of the dissolving mechanism. Thus,
we can infer that the charge transfer procedure controls the dissolving mechanism in both
inhibited and uninhibited solutions [22]. The potentiodynamic polarization study's findings
are in agreement with the findings of the EIS study.

3.1.3. Temperature Effect by potentiodynamic polarization

The inhibitory behaviour of OMP at its optimum concentration (1.5 g/L) was tested at
different temperatures (298, 303, 313, 323, and 333 K) using PDP measurements and the
results are shown in Figure 6. Besides, Table 3 reveals the measured corrosion parameter
values, including Ecorr, icorr, and mppop (%) which indicate respectively, the corrosion
potential, the corrosion current density, and the inhibition efficiency. Because the OMP
molecule adsorbed on the metal surface desorbs at high temperatures, the icorr Values in the
presence of OMP increase somewhat as temperature rises compared to the virgin solution,
which increases significantly. As a result, the efficiency of OMP inhibition significantly
decreases.
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Figure 6. PDP curves for corrosion of Al-Mg-Si Alloy in 0.5 M H2SO4 electrolyte with and
without OMP at diverse temperatures

Table 3. Corrosion characteristics for Al-Mg-Si alloy in 0.5 M H2SO4 solution with and
without the addition of OMP at various temperatures determined from PDP curves

Medium Temp -Ecorr icorr TTeop (%)
(K) (MVsce) (LA/cm?)

Blank 298 738.0 102.0
303 586.7 116.8
313 656.4 127.6
323 649.3 160.9
333 739.7 469.9

1.5¢9/L 298 864.0 9.5 90.7
303 821.3 154 86.8
313 817.2 28.7 77.5
323 926.8 56.8 64.7
333 951.6 178.2 62.1

Here, we can demonstrate the effect of temperature by applying the Arrhenius equations
and the transition state[23]:

. —-E

1= Aex a 6
e ) ©
) RxT AS —-AH

= ex 2 lex a 7
PR EAEN "

where, A, ASa, AHa, N, h, and E; are respectively, the pre-exponential factor, the entropy of
activation, the enthalpy, the Avogadro number the Planck constant, and the activation energy.
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Based on the Arrhenius equation (6) one can determine the activation energy (Ea) by
plotting different values of In (icorr) as a function of 1000/T, one can thus calculate Ea (Figure
7-a). where a straight line is given by In (icor/T) as a function of (1000/T) (Figure 7-b). A
straight line is given by In (icorr)/T as a function of (1000/T) (Figure 7-b) Its slope is (-AHa /
R), and its intersection with the axis In (icorr)/T gives the parameter ASa.
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Figure 7. Traces of In (icorr) Versus 1000/T and In icorr /T versus 1000/T for Al-Mg-Si Alloy
without and with OMP at its optimum concentration at different temperatures

Table 4. The parameters of activation of dissolved Al-Mg-Si in a virgin solution and the
optimum concentration of the OMP at varying temperature

Medium Ea AH, -ASa

(kJ mol ) (kJ molh) (I molt K1
Blank 40.26 37.64 89.03
OMP + H,S0,(0.5M)  67.53 64.91 14.18

The results show that in the presence of OMP, Ea values are higher than in the absence,
suggesting that the physisorption mechanism through which OMP adsorbs happens
spontaneously at the first stages of metal-inhibitor interactions [24].

Despite this, we discovered that the activation enthalpy AHa values are positive both in
the absence of the optimal inhibitor concentration and in the presence of the virgin acid
solution, indicating that the process is endothermic and that an energy barrier has formed
in the presence of OMP. Under identical conditions, negative activation entropy ASa values
emerge from the association of the inhibitor molecules rather than their dissociation. A
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higher degree of disorder (or unpredictability) in the reactants' reaction to the activated
complex is shown by the fact that the value of AS, is more significant in the existence of
OMP than it is in the non-existence [25].

3.2. Adsorption study

The molecular adsorption of the corrosion inhibitor on the metal surface is primarily
responsible for the inhibitory effect on the corrosion of metallic materials. When in contact
with an aqueous solution, a metal surface becomes saturated with water molecules;
however, when a corrosion inhibitor is present, these molecules push the adsorbed water
out of the way. When water is replaced with OMP molecules, the active regions of the metal
surface where corrosion processes occur are blocked.

The Langmuir model, which is the most often used adsorption isotherm model, is
employed in this study to analyze the adsorption behavior of OMP. Thus, Langmuir
adsorption isotherm can be obtained by the linear regression of Cinn/0 vs. Cinh as shown in
Figure 8. The equation of this model is the following

C, 1
i —_= 4 C, 8
9 K inh ()

ads

where Kags is the adsorption equilibrium constant, Cinn is the inhibitor concentration, and 6
represents the covered surface fraction.

1.8

16 |

0.6 .
—— Linear fit

02 1 1 1 1 1 1 1
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Figure 8. Langmuir adsorption isotherm of OMPe on the Al-Mg-Si Alloy surface at 298 K.

The values of the two Kags obtained from the inverse of the Langmuir isotherm intercept
and the Gibbs adsorption free energy AG’, calculated from the following equation (9):

ads

AGg, =—RTIn(Cy 0 x K,y ) ©)

ads —
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The values R, Ch20, and T stand for universal gas constant, pure water concentration in the
solution, and temperature (K) (R = 8.314 J mol™* K™t and Chz0 = 1000 g L), respectively.
The thermodynamic parameters extracted from the above figure are gathered in Table 6.

Table 5. Parameter of Langmuir adsorption isotherm for the OMP inhibitor

Kads 2 AngS
(Lg? (kJ mol?)
Inhibitor 3232.82 0.9998 -37.1627
In general, the interaction values between charged molecules and

the charged metal of AG., up to -20 kJ/mol are consistent with electrostatics and typically

ads
involve the sharing or transfer of electrons from the inhibitor molecules (physical
adsorption) while  those more negative than -40 kJ/molon the metal surface
to produce a type of coordinated bond (chemisorption).

Physical adsorption (electrostatic) naturally occurs when the effectiveness of inhibition
decreases with increasing temperature (while chemical adsorption occurs when the efficacy of
inhibition increases with increasing temperature. The presence of hetero atoms like oxygen,
nitrogen, and aromatic rings with w-bonds in the OME molecules, which act as adsorption
centers on the metal surface, is the primary cause of the inhibitor's inhibitory activity. The
mechanism of substitutional adsorption between the organic molecule in the aqueous solution
and the water molecules adsorbed on the metal surface is assumed to be responsible for the
adsorption of an organic adsorbate on a metal surface:

Org ) +xH,0, (10)

sol) ads) - Org(ads) + HZO(SOI)

X being the size ratio, the adsorption of inhibitor compounds can be divided into two main
categories: physical and chemical interactions, each of which precisely describes the quantity
of water molecules that an organic adsorbate molecule replaces. It is influenced by the nature
and charge of the metal, the chemical composition of the inhibitor, and the kind of electrolyte
[26].

The measured value of AG.

o is -37.16 kJ mol™?, and this energy is related to the
interactions between the metal's charge and the charges on the inhibitor molecules
(physisorption). This adsorption can be attributed to the adhesion of the molecule to the Al-

Mg-Si Alloy surface by a chemisorption mechanism with physisorption [27].
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3.3. UV-Vis Absorption Spectroscopy

The solution's UV-Vis spectroscopy allowed for further interpretation of the inhibition
effect. Figure 9 depicts the UV-Vis spectroscopy of the solution after 2 days (48 h) of
immersion in the metal; the black line corresponds to the 0.5 M H2SO4 solution (Blank), and
the red line corresponds to the 0.5 M H2SO4 solution with 1.5 g/L inhibitor (OMP) and the
bleu one attributed to the sample immersed in 0.5 M H2SO4 with the addition of OMP at the
optimum concentration.

— Blank 05 M (H,SO,)
25k —— Blank + 1.5 g/L of OMP
W —— Blank + 1.5 g/L of OMP +sample

20

Absorbance %
P b
L] L]
—

0.0 -\/\.

200 300 400 700 800

500 600
Wavelength/nm

Figure 9. UV-Vis absorption spectroscopy of the 0.5 M H2SOs electrolyte (Blank with and
without the addition of 1.5 g/L. OMP) after 48 hours of immersion time of Al-Mg-Si Alloy at
room temperature

The UV-visible spectra show an intense band at Amax=206 nm with a higher absorbance
attributed to the dissolution of OMP molecules in the blank solution which present the effect
of the environment on the transitions; however, after 48 hours of immersion of Al-Mg-Si Alloy
in the solution containing 1.5 g/L of OMP, we can detect the appearance of such an intense
ring at Amax = 240 nm contributed to the hypochromic effect (n-7*) and a second band at Amax
= 306 nm attributed to the bathochromic(n-n*) and a modification of absorbance related to
the medium saturated in H.SO4 and the inhibitor (existence of auxochrome groups) [28,29].
After 48 hours, the inhibitor provides some corrosion protection against the oxidation by-
product. A passive Al>O3z film is formed when oxygen or aluminum atoms from the substrate
mix and diffuse to the surface [30]. The development of the Al.Os protective film, confirmed
by XRD and SEM/ EDS techniques, can be assisted by the adsorption of OMP molecules on
the surface of Al-Mg-Si Alloy formed by oxidation [31].
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3.4. SEM-EDS analysis and X-ray diffraction
3.4.1. SEM-EDS analysis

Figure 10-a shows SEM/EDS pictures of the surface of Al-Mg-Si Alloy after specimens
were submerged in a 0.5 M H2SOj4 solution for 48 h in the absence of the inhibitor. The surface
of the alloy was severely damaged and became porous and rough with large holes of varied
sizes. Using the development of SO3 and AlI203 oxides, which were confirmed with XRD in
the following paragraph, the EDS spectrum in Figure 10-b described the characteristic signals
of aluminum in addition to other elements, such oxygen and sulfur, which are frequently seen
as corrosion products of aluminum in sulfuric acid. Because of the breakdown of the protective
layer formed on the metal surface, the corrosion rate of Al-Mg-Si Alloy Al increases
continuously. This breakage is regarded as the start of localized corrosion damage [32].
Furthermore, the passivity breakdown potential increases in alkaline conditions, while the
acidic solution weakens the passive film [33,34].
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Figure 10. a) SEM images of Al-Mg-Si Alloy that was immersed for 48 h in 0.5 M H2SOs; b)
EDS of Al-Mg-Si Alloy immersed in 0.5 M H2SO4 at 48 h

Similarly, SEM/EDS images of the pure Al surface after immersion in a 0.5 M H2SOx
solution containing 1.5 g/L OMP for 48 h (Figures 11a & b). The SEM micrographs strongly
indicate that the addition of OMP to the acidic solution coated the surface of the Al-Mg-Si
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alloy, that further enhanced the metal's corrosion resistance by re-passivating the protective
barrier on the metal surface. The EDS spectrum shows the proportion of passive film formation
on the metal surface due to the presence of OMP, which improves the protection of the metal
against corrosion caused by alkaline solution and indeed the reduction of corrosion products
on the metal surface might have been caused by the adsorption through several elements in the
OMP on the aluminum surface which typically protected the metal surface from the attack of
the aggressive environment.
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Figure 11. a) SEM images of Al-Mg-Si Alloy that was immersed for 48 h in 0.5M H2SO4 with
the addition of 1.5 g/L of OMP; b) EDS images of Al-Mg-Si Alloy that was immersed for 48
h in 0.5M H2SO4 with the addition of 1.5g/L of OMP.

3.4.2. X-ray diffraction analysis

Figure 12 shows the XRD diffraction spectra for samples immersed in 0.5 M H2SO4 with
and without OMP at 48 h. The patterns above for the uninhibited and inhibited Al-Mg-Si alloy
show the same peaks at 26 = 39.3, 45.5, 65.8, with different intensity. These peaks correspond
to gibbsite [y-Al(OH)s], bayerite [[a-Al(OH)z], alumina (Al203) [35]. On the other hand, the
intensity of the peaks associated with alumina increased with the addition of OMP compared
to a non-inhibited surface, indicating a better efficiency of the inhibitor adsorbed on the metal
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surface and promoting the new formation of Al2Os, which increases the corrosion resistance
[36].
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Figure 12. XRD patterns of corrosion Product formed on the Al-Mg-Si alloy surface after 48
h in the existence of 1.5 g/ OMP and in it’s the non-existence

4. CONCLUSION

The inhibitor inhibits corrosion of Al-Mg-Si in 0.5 M H2SO4 solution with good efficiency,
with a notable rise in inhibition effectiveness with increasing inhibitor concentration (1.5 g/L).
The OMP inhibitor behaved as a mixed type inhibitor, according to polarization experiments.
According to adsorption studies, the Langmuir adsorption model is followed by inhibitor
adsorption on metal surfaces. According to SEM/EDS and XRD measurements, the inhibitor's
increased activation energy compared to the blank suggests the creation of a protective barrier
on the metal surface Al.Os. Negative values indicate implying that the inhibitor was highly
adsorbed on the aluminum surface. The results point to a chemisorption process with
physisorption.
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