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Abstract

As a way to shield the mild steel surface against the aggressive chloride ions attack from the HCI 1M medium. The ability
of Ptychotis verticillata Duby (PVD) was investigated as a corrosion inhibitor. The uppermost compound making up the PVD
essential oil is thymol. A series of experimental studies encompassing electrochemical tests, and surface analysis were limelight
fascinating outcomes, revealing a very high efficiency since the addition of the PVD essential oil concentrations especially from
1g/L with 93,8 % until 2g/L to reach 96.8 % at ambient temperature 298K. From the PDP results, the inhibitor shows a mixed type
behavior with a predominance of cathodic site. At high temperatures, PVD essential oil shows a slight increase in corrosion current
compared to the ambient temperature, nevertheless, its inhibition efficiency remains higher. The adsorption process followed was
the Langmuir adsorption isotherm, and a strong physisorption process was revealed. The composition and the surface morphology
of the formed layer were confirmed by the SEM/EDX analysis.
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1. Introduction

Owing to the fact that corrosion is the main engineering
problem in the present industry evolution in the modern age,
prevention methods are the focal points for all researchers [1].
Controlling the corrosion process, especially in aggressive
media was often achieved by employing inhibitors [1]. By
bringing down the corrosion rate by the adsorption process.
Generally, the required inhibitor should be distinguished by a
set of characteristics comprehending good efficiency at very
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low concentrations and protect the metal surface, thermally
stable and chemically inert, possess good surfactant, beat low
coast, non-toxic, and available [2]. Many corrosion inhibitors
are inorganic substances like phosphates, chromates,
dichromates, silicates, borates, tungstates, molybdates, and
arsenates, and others are organic compounds containing polar
function groups, heteroatoms such as nitrogen, oxygen, and
sulfur in addition to 7 electrons in the conjugated system.
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Both present a high ability to protect and prevent metals
from the corrosion process even in aggressive circumstances
due to their structural properties. Nevertheless, they don't
obey the last three inhibitor-required conditions above, which
made the researchers look for new solutions adequate to the
environment's safety [3-4]. Nowadays, the researches in the
corrosion field are aligned toward green organic compounds
that are characterized as available and renewable source
substances that do not contain heavy metals or poisonous
compounds [5]. As a magnificent alternative, plant extract
has attracted all the researcher’s curiosity in the green organic
inhibitor’s chemistry field, as being fits the required
characteristics for a corrosion inhibitor, environmentally
acceptable, low cost, readily available, and biodegradability,
in addition to their ecological compatibility, due to their
biological genesis [5-6]. The plant extracts are generally a
complex natural mixture possessing a variety of molecular
structures having different chemical, biological, and physical
properties such as carotenoids, phenols, vitamins, and
flavonoids [5]. Among the Plant extract products; there is the
EO (Essential Qil), which is a very vintage term that had been
used for the first time in the sixteenth century. Pursuant to
AFNOR, the term refers to the “product obtained from
vegetable raw material, either by distillation with water or
steam, or from the pericarp of citrus fruits by a mechanical
process, or by dry distillation” [7]. A diversity of aromatic
plants could be the birthplace of the EO's product. From a
chemical viewpoint, the EO's could contain more than 100
compounds with different concentrations, which makes them
a complex nature mix. whereas just two or three major
components are at higher concentrations than the others in
trace amounts, appended in two chemical groups: terpenes
and phenylpropanoids [5]. The EO derived from various
plants is used to prepare coatings, which are used in tiny
concentrations to protect the surface of metals from corrosive
environments [2,8]. The thymol is among the main chemical
structures in the terpenes group, which are responsible for
their distinctive aromas, ketones, acids, aldehydes, esters, and
alcohols. and it is the major component of Ptychotis
verticillate duby, known as Ndnkha is an aromatic plant
widespread in North African countries and widely used in
different fields as traditional medicine as an antispasmodic,
antidiabetic, and antipyretic agent, also an antiseptic for its
antifungal and antibacterial properties [9]. Assiduous
scrutiny of the recent publications reveals that nearly all
tested EO compounds have established a good achievement
as eco-friendly inhibitors against corrosion phenomena in
assorted mediums. Table 1 stipulates a set of authors'
investigations on the natural EO behavior as green corrosion
inhibitors toward different metals and alloys in different
media. In the present work, the Nunkha EO properties will be
discovered in a different field, with a new manner, as a
corrosion inhibitor in order to figure out the PVD Essential
oil special characteristics on controlling the corrosion process
and its behavior toward the protection of mild steel surface in
acidic medium. To achieve the aim, a set of studies have been
done such as the electrochemical studies including the
potential dynamic polarization and impedance spectroscopy
in different concentrations and temperatures. besides the
surface analysis using the SEM and EDX analysis.
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2. Conditions for the experiments

2.1. Material and medium

Electrochemical experiments were performed on mild
steel specimens where the chemical composition is given in
Table 2. Before each test, the specimens were polished using
abrasive paper of grade 80 to 2000 in order to obtain a mirror-
finish. Prior usage; the item was cleaned with distilled water,
degreased with acetone, and then dried. The harsh medium
(1.0M HCI) used in this study was made by diluting
commercial acid with distilled water. The tested inhibitor
concentration ranged from 0.5 to 2.0 g/I.

2.2. Characterization of the chemical composition of
essential oil

The chemical composition of the PVD essential oil was
assessed using GC-MS. The samples were examined on a
Thermo Fisher gas chromatograph, which was connected to
the mass spectrometry system (model GC ULTRA S/N
210729). A 5% phenyl methyl silicone HP-5 capillary column
(30 m x 0.25 mm x thickness 0.25 pum) was employed for
separation. The temperature was programmed from 50 <C and
increased at a rate of 4 °C/min, reaching 200 -C after an initial
5-minute hold. Nitrogen (N2) served as the carrier gas at a
flow rate of 1.8 mL/min. The split mode was applied with a
flow rate of 72.1 mL/min and a ratio of 1/50. The injector and
detector temperatures were set at 250 °C, and the final hold
time was 48 minutes. For analysis, 1 pL of essential oil was
manually injected after dilution in hexane. The chemical
composition of PVD essential oil obtained was manifested in
Table 3.

3. Experimental

3.1. Electrochemical study

The electrochemical tests were fulfilled in a conventional
three-electrode cell consisting of 1cm? of mild steel substrate
as a working electrode, ESC as a reference electrode, and a
platinum wire as a counter-electrode, connected to the
Potentiostat (Radiometer Analytical PGZ 100). in 1M HCI.
The mild steel substrate was plunged for close to 1800
seconds until reaching a steady potential (Eocp) ahead of each
electrochemical test. Potential Dynamic Polarization (PDP)
curves were achieved by polarization from -900 to -100
mV/Ag with a scan rate of 1 mV s? at Eqe. The inhibitory
efficiency (;7pp %) is calculated by the following Equation (1)
[24-25]:

i(?orr _icorr

nPP = IO—X].OO (1)

corr

Where i’corr and icorr are the values of corrosion current
densities in the absence and presence of inhibitor,
respectively. Electrochemical Impedance Spectroscopy (EIS)
measurements were performed into a frequency range of 100
kHz to 100 mHz with a 10mV amplitude at the Eqcp. The
corresponding percent of inhibition performance (ngg) is

expressed in the following manner Equation (2)
_p0
Nels = Rl % 100 (2
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With R% and R are the charge transfer resistances
without and with PVD essential oil, respectively, and 8 is the
recovery rate.

3.2. SEM/EDX analyses

Surface morphological analyses utilizing SEM and EDX
were done to support electrochemical findings. After being
polished, cleaned, and dried the mild steel specimens with
and without PVD essential oil were examined after
immersion for 6 hours into 1.0 M HCI solution. EDX analysis
and SEM investigations were conducted together.

4. Results and discussion
4.1. Electrochemical studies

4.1.1. Polarization studies

With a view to acknowledging the PVD essential oil
behavior as a corrosion inhibitor in an aggressive media, the
potential-dynamic polarization experiment was fulfilled.
Figure 1 manifests the potential curves of the unfolded
process on the mild steel surface immersed in HCI 1M
aggressive solution in the dearth and presence of different
concentrations of PVD essential oil. Whereas the kinetics
parameters are manifested in Table 4 and illustrated as below;
Corrosion Potential (Ecorr), Corrosion current density (lcorr),
Tafel slopes (Bc and Ba), and inhibition efficiency (n %). The
large linearity of the cathodic curves that go along with the
corrosion density decrease by increasing the PVD essential
oil concentrations is divulging the corroboration of the
Tafel’s law in the cathodic domain, and that the lowering of
hydrogen evolution is held back by pure activation Kinetics
[26]. In the anodic domain, by adding PVD essential oil
concentrations, two linear portions were heeded. Go-ahead
with the lowest polarization potentials, the anode current
density vaguely increases between -0.4 and -0.3eV potential
domain. Further than -0.3eV toward the positive region, once
the desorption potential Ed exceeds the anodic current density
increases rapidly. According to the literature a rise of
corrosion current with a slow move of the corrosion potential
is related to the desorption process [27]. Which means
beyond the mentioned potential the inhibitors major
molecules exposed to a desorption of the mild steel surface.
However, the current density still lower than the Blanc. The
authors speculate that the efficiency of inhibitors depends on
the electrode potential [28]. The corrosion potential exhibits
a significant step toward the cathodic region, connotes that
the inhibitor major molecules affect the hydrogen evolution
mechanism rather than the dissolution metal. The
displacement of the potential corrosion by the presence of
different concentrations of PVVD essential oil, indicate that the
primarily mechanism taking by the inhibitor is based on the
energy effect and not the blocking mechanism [29]. From
Table 4, The displacement of corrosion potential is about -
58,-54,-36 and -15mV for 0.5, 1,1.5 and 2 g/l according to the
authors this range of displacement which is superior than -85
referred to the mixed type of PVD essential oil inhibitor with
predominance of cathodic region confirming the control of
the hydrogen evolution rather than the metal dissolution [30].
The corrosion current present a huge decrease to reach 20
pA/cm for 2 g/L. The change in both Tafel’s slopes ['a and
[Jc confirms the mixed type of the PVD essential oil inhibitor
that set in on both corrosion reactions [31]. The corrosion
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efficiency shows a qualitative leap from 0.5 to 1 g/l about
71.2% to 94.2% until reaching the best performance at 2g/L
with 97.9%. This is due to the chemical properties of the PVD
essential oil components [32].

4.1.2. EIS studies

To corroborate the PDP investigation and going further
to a deep understanding of the mechanism reaction of the
PVD essential oil inhibitor by studying its effect on electric
double layer and the dielectric properties at metal-solution
interfaces with explanation of the dynamics of
electrochemical reactions developing through the adsorbed
film, The EIS is called. The Figure 2 present the Nyquist and
Bode plots in the lack and presence of the PVVD essential oil
in different concentrations at 289K. First able, from the
Nyquist plot, the semicircle shape in the impedance curves
stipulate the capacitive behavior of the mild steel corrosion
process in 1M HCI media [26,33]. The large increase of the
capacitance loop is clearly shown by increasing the inhibitor
concentration. indicate the adsorption behavior of the major
compounds of the PVD essential oil on the mild steel surface
especially on reaching big amount, as a result the formation
of protective layer through the charge transfer process. after
the depressed capacitance loop and the maintain of the same
shape even after including the PVD essential oil at different
concentrations, it can be said that the corrosion mechanism is
not affected [34]. Following the Bode plots, The charge
transfer process was the main responsible of the formation of
the thin layer protector through the big adsorption of the
major molecules of PVD essential oil inhibitor on the mild
steel surface which is clearly manifested from the widening
and the single maxima pics at the middle frequency [35].
However, at low frequency a huge increment of log Z and
phase angle comparing to the blank (Zgjanc = 36.57 Q cm, a. =
51°) outreach 1122.01 Q2 cm and 70° for Zpyp and phase angle
respectively, which stipulate the decrease and improvement
of corrosion activity process. Whereas at high frequency the
log Z and phase angle tend to 0, setting down the increase of
the resistance behavior around the mild steel electrode and
reference electrode [34]. EIS spectra were explored by the
Randle’s equivalent circuit which is delineated in Figure 3.
An equivalent circuit involves a solution resistor (Rs), a
double-layer capacitance (Ca), and a charge transfer resistor
(Re). As a means to a more error-free fit of impedance data,
the constant phase element (CPE) is replaced in lieu of double
layer capacitance (Ca), because the metal /electrolyte
interface system does not act as a pure capacitor [36]. The
impedance is designated by the expression below Equation

(4):

where the “Q” is the coefficient of proportionality of the
CPE, “o” corresponds to the angular frequency and “n” as a
surface homogeneity factor. The values of the double layer

capacitance (Cq) were computed as below in Equation (5)

[26]:
Ca = Y (Qx R;_n) ®)
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The EIS parameters were extracted in the Table 5, on
intensifying the PVD essential oil concentrations the R
values get bigger attaining 1093 Q cm?by 2 g/L. While a large
decrease of Cq manifests. Explained by the adsorption and
quick switch between the water molecules and the major
compounds of PVD essential oil on blocking the available
active site on the mild steel surface, besides a decrease in the
dielectric cst that enhance the adsorptive ability of the major
compounds of PVD essential oil and assure a good protection
[37]. The na factor shows higher just after the adding of the
PVD essential oil inhibitor, which points to the formation of
an organic film on the mild steel surface that provide
protection and enhance the homogeneity of the surface aspect
[38]. Starting from 1g/L until 2g/L the PVD essential oil
inhibitor performs highly with an efficiency of 97% for 2g/L
that could interpreted by the power of the donor groups, the
polar functional groups, and the =m-bonds of the major
molecules of PVD essential oil to interact with the iron atom
d-orbitals, establishing a protective layer sheltering the metal
surface.

4.2. Adsorption isotherm

Molecular adsorption is the main process carried out by
the organic inhibitors as prevention method of corrosion on
the metal surface to form a protective layer as went into above
[39]. The adsorption mechanism of PVD essential oil was
initially determined by adsorption model fitting.[40] To
acquire an equitable adsorption isotherm for PVD essential
oil on mild steel surface, several mathematical models called
adsorption isotherms that appraise the adsorbate quantity
(i.e., molecules/ions of inhibitors) on the absorbent (i.e., the
surface of the metallic substrate) at a constant temperature are
needed, including Langmuir, Temkin, Frumkin, Freundlich,
Florye Huggins and Bockrise Swinkels [39]. From between
the models, the best fit with the experimental data was
presented by Langmuir isotherm. Which it can clearly see
from the R? coefficient Langmuir isotherm (0.99998). This
model suggests that an attraction or repulsion remains
between the species absorbed on the metal surface [25]. The
Langmuir plot of PVD essential oil adsorption on mild steel
in an acidic medium is presented in Figure 4 and the
adsorption parameters is listed in Table 6. Equation for the
Langmuir isotherm is given as Equation (6):

0 1
C. =|— _
inh (1_0jx[Kadsj (6)

Where Kags is the adsorption-desorption equilibrium
constant [34,39]. From the Table 6, the Kags parameter that
refers to the adsorption powerness, present a high value
stands for a good adherence of the PVD essential oil’s major
molecules on the mild steel [41]. Another parameter of the
adsorption process, obtained from Kads, is the free energy of
adsorption (AGeads) which is specified below Equation (7):

AGaads = _RT Ln (1000 XK ads) (7)

Where 1000 is the g/l concentration of water in the
solution [42]. Pursuant to literature, the value of AG’ags below
20 kJ/mol is featured to weak physisorption, whilst above
40kJ/mol is marked to strong chemisorption [43]. Howbeit,
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physisorption is weak only for small molecules, but it
becomes much stronger for large molecules than
chemisorption [34]. For PVD essential oil inhibitors the
AG’ags show a value of -20.9KJ/mole that suggest strong
physisorption interactions due to the largeness of the inhibitor
molecules. That confirms the inhibition efficiencies shown in
the previous PDP and EIS results.

4.3. Effect of Temperature

Among the parameters influencing the corrosion rate and
affect straightly the organic compounds properties is
Temperature [44]. The Figure 5 presents the polarization
curves for mild steel in HCI medium without and with the
optimum concentration 2g/L of PVD essential oil inhibitor in
different temperature. The Table 7 illustrates the polarization
parameters. Initially, comparing to the blank we can clearly
see that the anodic and cathodic curves decrease at different
temperature and show a perfect parallelism which means that
the PVD essential oil inhibitor keeps control both reactions,
besides the anodic curves that appear parallel at high current
density in a further anodic potential after being at low current
density before -0.3 mV [45]. Which could be explain by a
stability of the major molecules of PVD essential oil inhibitor
on the metal surface after being adsorbed [17]. Nevertheless,
comparing between different temperature, the increase of this
last affect the performance of the PVVD essential oil inhibitor
and cause an increase in the corrosion current. The corrosion
potential show little move toward the negative region, which
suggest the metal dissolution enhancement [20]. From Table
7, for all temperatures the PVD essential oil shows a high
efficiency, talking about 97.9%, 96.5%, 94.0% and 90.6% for
298K, 308K, 318K and 328K, respectively regardless the
little diminution especial at 318 K due to the weakness of the
wander wall bonds toward the temperature that cause a
backed in the adsorption process of the major components of
inhibitor [46]. However, the strong electrostatic interactions
of the major molecules of PVD essential oil inhibitor are
verified by the maintain of the good efficiency. The variety
of the anodic and cathodic slops confirms the permanency of
the inhibitor in controlling both corrosion reactions under the
temperature effect [47].

4.4. Activation parameters of the corrosion process

The Figure 6 shows that the corrosion reaction can be
regarded as an Arrhenius-type process Equation (8). The
activation parameters were calculated according to Arrhenius
formula and transition state Equation (9):

Ini_ = —Cs x[ijnnA ®)
R T

In('“’”j: In(i}LASa —(AHaxlj 9)
T Nh R R T

The activation energy of metal dissolution is mentioned
as Ea, A is Arrhenius pre-exponential factor, and R is the
Universal Gas Constant, while T is absolute. AH, is the
activation enthalpy and AS, is the entropy activation. The
values for the slopes have been used for determining the E, of
the mild steel dissolution for both uninhibited and inhibited

electrolytes and the values for activation parameters are
collated in Table 8.
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That shows a high value of E, in the presence of the
inhibitor reverse to its absence. Indicating the formation of a
barrier energy that cause a retardation to the corrosion process
on the Mild steel [23]. The rise of activation energy in
presence of the inhibitor as compared to the blank is
attributed to electrostatic attractiveness between metal and
the inhibitor [48]. The enthalpy (AHa) and the entropy (ASa)
of activation parameters were derived from the transition
state formula Equation (9). The AHa either shows a high
value with the positive sign confirm that the corrosion process
underwent decrease in the presence of PVD essential oil
inhibitor following an endothermic process. [49]. We should
speak briefly of the major value of E; than the enthalpy value,
which indicate that the process of corrosion brings in a gas
reaction, which is the hydrogen evolution [50]. While the ASa
shows a large increase with a negative sign that could be
explained by the haphazardness of corrosion site due to the
desorption of water molecules that increase the solvent
entropy, due to the adsorption of inhibitors molecules that
decrease the metal interface entropy, which calls quasi-
substitution [51].

4.5. Surface analysis

4.5.1. Scanning Electron Microscopy (SEM) Coupled by
EDX

The SEM images and EDX spectra of the Mild steel after
6 hours of immersion in the presence and absence of PVD
essential oil are manifested in Figure 7. In the absence of
inhibitor, the surface morphology appears heterogeneous
with cracks and formed oxide, that show up clearly from the
EDX spectrum, in which the corrosion element such Fe, ClI
and O clearly manifest with very high intense and percentage
as shown in Table 9. In contrary, in the presence of PVD
essential oil, the Fe peaks appear with a large decrease with
suppression of Cl element while the O and C peaks are
enhanced due to their presence within the chemical
composition of the PVD essential oil. As a result, a smooth
aspect, no cracks and uniform surface clearly appeared.
Which confirms the adsorption of the PVD essential oil
molecules on the mild steel surface and the protection of the
surface from the aggressive attacks of chloride ions [51].
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Figure 1 : Polarization curves of mild steel in the absence and presence of PVD essential oil at 298 K.
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Table 1: EO used as green corrosion inhibitors for metals and alloys in various media.

Essential Oils

Metal/ Medium

Efficiency

Main Observation

Ref

Artemisia abrotanum

Artemisia mesatlantica

Eucalyptus globulus

Tetraclinis articulata

Pistacia lentiscus

Lavandula dentata

Orange peel

Mentha spicata

Thymus sahraouian

Asteriscus graveolens

Cinnamomum verum (Cinnamon)

Pistacia lentiscus

Salvia aucheri mesatlantica

Allium sativum

1M HCI / Mild steel

1M HCI /Carbon steel

0.5M H2S0, / C38 Steel

1M HCI / Carbon steel

1M HCI / Mild steel

1M HCI / Steel

1M HCI / Mild steel

1M HCI / Steel

1M HCI/ Mild steel

0.5M H,SO, / Mild steel

0.5M H,SO4 / Copper

0.5M H,SO, / Steel

0.5M H,SO, / Steel

0.5M H,SO4 / Copper

83.9 %

92 %

81%

80%

96.34 %

90 %

94.8%

97 %

77.82 %

82.89 %

89.62 %

81.2%

86.12 %

97.4 %

Optimum Concentration: 2 g/L
Nature: Mixed inhibitor
Adsorption: -
Optimum Concentration: 3 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 6 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 2g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 1g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 2 g/L
Nature: cathodic inhibitor
Adsorption: Chemisorption
Optimum Concentration: 3 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 2 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 2 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 3 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 150 ppm
Nature: cathodic inhibitor
Adsorption: Physisorption
Optimum Concentration: 2 g/L
Nature: Mixed inhibitor
Adsorption: Physisorption
Optimum Concentration: 2 g/L
Nature: Mixed inhibitor
Adsorption: Chemisorption
Optimum Concentration: 1 g/L
Nature: cathodic inhibitor
Adsorption: -

Table 2: Chemical composition of mild steel (%owt).

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Elements Fe C

Si

Mn P

Cr Co Mo Ni

Cu

% wt Bal 0.04

0.41

1.46 0.07

0.03 0.08

18.5 0.16 0.33 7.81

0.51

Elfarhani et al., 2024

227




International Journal of Chemical and Biochemical Sciences (1JCBS), 25(15) (2024): 222-235

Table 1: Chemical composition of Ptychotis verticillata duby (PVD) essential oil.

Compound R.Time %
1 0-Cymene 10.589 14.87
2 D-Limonene 10.743 10.11
3 y-Terpinene 11.612 3.34
4 L-terpinen-4-ol 15.271 2.83
5 Thymol 18.145 54.32
6 o-Thymol 18.275 13.57
7 2,5-dimethylthiophene 39.310 0.98
Total identified % 99.99
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Figure 2: Nyquist (a) and Bode (b) graphs for M-Steel in the blank medium without and with PVD essential oil.
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Figure 3: Electrochemical equivalent circuit used to fit the EIS data.

Table 2: Polarization parameters for M-steel corrosion in 1M HCI in the presence and absence of PVD essential oil at 298K.

. Conc. -Ecorr icorr 'Bc Ba nep
Medium g/l mV/ECS WA cm? mV dec? mV dec? %
1.0 M HCI -- 498 983 140 150 -
0.5 556 283 137 144 71,2
1.0 552 58 133 140 94,1
PVD 15 534 50 131 137 94,9
2.0 513 20 128 132 97,9
Table 3: EIS parameters for M-steel in 1 M HCI without and with inhibitors at 298 K.
Conc. Rs Ret Cal n Q o Himp
(g/) (Q cm?) (Q cm?) (UF cm2) d (@1 S"cm™) %
1.0 M HCI -- 11 34.7 121.0 0.773 419 - -
0.5 0.9 117 99.2 0.870 276 0.703 70,3
1.0 1.2 559 44.3 0.850 177 0.938 93,8
PVD
15 0.8 623 34.8 0.875 152 0.944 94,4
2.0 0.9 1093 29.5 0.817 120 0.968 96,8
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Figure 4: PVD essential oil Langmuir adsorption isotherm plots at 298 K on the mild steel surface.
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Table 4: Thermodynamic parameters for the adsorption of PVD essential oil on M-steel in 1 M HCI at 298 K temperature.

L Kads AGads 2
Inhibitor (Llg) (KJ/mol) R Slope
PVD 4.73 -20.9 0.99715 0.92

Table 5: Polarization parameters for mild steel corrosion in 1M HCI in the presence and absence of PVD at different temperature.

. Tempe -Ecorr icorr -Be pa nep
Medium K mV/ECS MA cm mV dec? mV dec? %
298 498 983 140 150 -
308 477 1200 184 112 -
Blank
318 487 1450 171 124 -
328 493 2200 161 118 -
298 513 20 128 132 97,9
308 515 42 165 111 96,5
PVD
318 542 87 151 122 94,0
328 531 206 157 116 90,6
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Figure 5: Polarization curves for mild steel without and with 2g/L of PVD essential oil at different temperatures.
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Figure 6: Arrhenius plots of mild steel in HCI medium without and with PVD essential oil at different temperatures.

Table 6: Activation parameters of PVD oil essential.

Medium Ea AHa ASa
(KJ/mol) (KJ/mol) (I/mol.K)

Blank 21.0 18.5 -126.0

PVD 62.7 60.1 -18.8

Elfarhani et al., 2024 231
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Figure 7: SEM/EDX images of mild steel substrates in the presence and absence of PVD oil essential.

Table 7: Percentage atomic contents of elements obtained from EDX spectra.

Eléments % Mass of steel in Blank solution % Mass of steel in blank solution with PVVD
C 291 2.0
) 25.91 9.3
Si 0.35 --
Cl 1.04 --
Fe 69.79 88.7

4. Conclusions

The investigation of the PVD essential oil as a corrosion
inhibitor of mild steel against the corrosion process in 1M
HCI allowed the underneath results:

PVD essential oil perform as a great anti-corrosion
compound for the mild steel, outstandingly at
inflated concentrations.

PVD essential oil distinguished by a stronger
inhibitory capability due to the structure’s properties
of the major components, even at high temperature.
PDP curves unfold the mixed-type nature of PVD
essential oil inhibitor.

Elfarhani et al., 2024

EIS measurements indicate that PVD essential oil
controlled the activity of corrosion reaction and a
great adsorption of the major components on the
surface metal was took place.

The physisorption of PVD essential oil components
on the mild steel surface in 1M HCI adopts the
Langmuir isotherm model.

SEM and EDX surface analysis, reveal a significant
improvement of the formed layer of PVD essential
oil components on the metal surface morphology
with reduction of the corrosive elements.
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