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Abstract: Since the corrosion protection of mild steel
samples in corrosive media (1M of hydrochloric acid
[HCI]) was cheap and successful, the ethanol extract of
Posidonia oceanica leaves based on polyvinylpyrrolidone
(P. oceanica/PVP) was analyzed using the weight reduc-
tion, the open circuit potential, and the potentiodynamic
polarization methods. The obtained results explained
that the productivity of hindrance increments had the
greatest restraint efficiency of ~81% at 1,000 ppm, as
the concentration of the extract increased. Liable for
adsorption as a thin layer on the surface of mild steel to
protect it, the creation of kaolin-traced phenolic and poly-
saccharide compounds was confirmed by the Fourier trans-
form infrared spectroscopy analysis. A scanning electron
microscope was used to evaluate the inhibitive action of
P. oceanica/PVP against steel in corrosive media and the
change in surface morphology was considered. It is pre-
sumed that the ethanol removed from the Posidonia oceanica
leaves can fill in as a compelling consumption inhibitor for
gentle steel in HCL solution (1 M).
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1 Introduction

Posidonia oceanica is an indigenous aquatic plant that
forms vast meadows, prevents erosion, and hosts several
marine creatures in the Mediterranean Sea. Extracts of
P. oceanica containing antioxidant capacity have been
mentioned [1]. Different studies have shown that natural
plant-based parts containing different natural mixes have
an inhibitive corrosion effect [2]. Plant extracts and nat-
ural species, inferred as an ecologically maintainable,
sustainable, promptly accessible, and appropriate source
of corrosion inhibitors, are essential for their application
[3-6]. Amino acids, alkaloids, tannins, and pigments are
portions of the constituents of plant products [7]. The
amazing green coerosion inhibiting has been utilized. A
new generation of corrosion inhibitive pigment based on
zinc acetate-Cichorium intybus L. leaf extract (ZnA-CIL.L)
has been synthesized. Results showed promising corro-
sion inhibition performance of the hybrid ZnA-CIL.L
complex on the steel surface in saline solution [8,9].
Polyvinylpyrrolidone (PVP) is an ecofriendly hydrophilic
polymer that is used in this work due to its features, such
as its low cost, highly hydrophilic character, and amor-
phous form [10]. PVP is synthesized by radiation techniques
[11-13]. It is a soluble polymer that can form free-standing,
thin films (thickness from 50 to 200 pm) using the solu-
tion casting method and is easy to remove from the
substrate [14]. The absence of PVP causes aggregates or
irregular dispersion of P. oceanica. Wang and Wang
proved that absence of PVP caused the aggregates of Pd
nanosheets and PVP did not make any obvious difference
in the morphology of nanosheets [15]. In this contact,
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PVP has a good, free-standing, thin film forming capability.
Additionally, it is a candidate to be used as a film formation
in corrosion inhibitor applications because it is cheap and
eco-friendly, and is made as a transparent, thin film by a
simple casting method.

The current work tests the inhibitive activity of the
Posidonia oceanica leaves’ ethanolic extract based on
PVP as a green erosion inhibitor in control of the steel
consumption movement in corrosive media (1M of HCl)
using gravimetric techniques and electrochemical strategies.

2 Experimental methods

2.1 Materials

An ethanol-soluble polymer, PVP with an average molecular
weight (M,,) of 100 kDa (highly viscous), was purchased from
Sigma-Aldrich Chemicals Co. Posidonia oceanica leaves were
collected from the Mediterranean Sea in Alexandria city.

2.2 Preparation of the ethanolic extracts of
Posidonia oceanica leaves based on PVP
using the solid dispersion technique

Posidonia oceanica leaves were collected from Alexandria
in Egypt in July 2019. They were rinsed three times with
water (H,0) to remove gravel and sand before being dried
in the drier oven at a temperature of 50°C. Then, they
were put in a dry blender to give a fine powder of
Posidonia oceanica leaves. Finally, the dried powder,
along with 30-70% ethanol and isopropanol, refluxed
at 75°C for 7 h was recovered three times. Next the appro-
priate weight of the Posidonia oceanica leaves’ ethanolic
extracts and the PVP powder were dissolved in isopro-
panol in a ratio of 1:1 wt% to ensure that the ethanolic
extracts of Posidonia oceanica leaves are well linked to
the PVP matrix. The clear solution of the ethanolic extracts
of Posidonia oceanica leaves and PVP was dried under
vacuum. The obtained Posidonia oceanica extracts and
the PVP powder were ready for corrosion experiments.

2.3 Corrosion experimental setup

The following chemicals were used to make the working
electrode of mild steel rod: 0.316 wt% of C; 0.218 wt% of
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Si, 0.825 wt% of Mn, 0.0869 wt% of Cr, and balance Fe.
The rod was inserted into a glass tube and secured with
araldite, leaving a 1cm? circular geometric shape to be
in touch with the testing solution. For weight-loss mea-
surements, the rod was cut into several coupons; each
one has a surface area of 0.785 cm?. The working anode
was cleaned with coarseness emery paper preceding
each trial and washed with (CHs),CO. Lastly, it was
washed with two-fold double-distilled H,0. While satu-
rated calomel electrode SCE (Hg/Hg,Cl,-Sat. KCl) was
attached as a reference electrode of normal 25 mL elec-
trolytic cell size, the auxiliary electrode was a platinum
layer. By analytically diluting 37% of HCl with double-
distilled H,O, the corrosive media was prepared. This
compound ranged in concentration from 100 to 1,000 ppm.
To decide the corrosion behavior of the mild steel, che-
mical and various electrochemical techniques, such as
weight reduction estimations, potentiodynamic polariza-
tion (PP), and open circuit potential (OCP), were utilized.

2.4 Gravimetric method (weight loss)

Weight reduction estimations were done in a beaker
by adding 25 mL of acidic solution (1M of HCl) with
and without (free of) the various concentrations of
P. oceanica/PVP. The coupons were removed after immer-
sion, then rinsed with double-distilled water and (CHs),CO.
The experiment was repeated twice and the mean weight-
loss value was recorded. The average rate of steel corrosion
is calculated using Eqgs. 1 and 2 as follows [16]:

AW =W - W, 0
AW x K

C.R. (mm/year) = ——— 2

(mm/year) AxTxD 2

where K is a constant (8.76 x 10%), T is time (h), A is
section area (cm?), AW is loss of sample weight (g), and
D is density (7.9 g/cm?). The surface coverage degree ()
was calculated using Eq. 3:

_W-W
Wo

0 (3)
where W; and W, are estimates of mild steel coupon
weight loss in constrained and uninhibited solutions,
respectively. The efficiency of inhibition (IE%) was calcu-
lated according to Eq. 4:

IE% = 0 x 100 (4)
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2.5 OCP estimations

By studying the alteration in corrosion potential (E..,,) over
time, the electrochemical characteristic of steel samples in
corrosive media was intensified. In the steady-state condi-
tion of corrosion excrement, the OCP and the electro-
chemical calculations were performed. The variation in
mild steel corrosion ability in 1M of HCl was calculated
versus SCE in the absence and existence of the diverse
inhibitor concentrations of P. oceanica/PVP. Over a 30 min
exposure interval, the time dependence of OCP was recorded
for different experiment conditions. The same sample was
used for PP experiments.

2.6 PP estimations

PP curves of steel sample in corrosive media were swept
at the rate of 0.5 mV/s between —0.8 and +0.8 V. Prior to
the corrosion experiment, the operating electrode was
submerged in the test solution for 30 min to provide a
quasi-stationary estimate of the OCP. Faraday’s law can
be used to calculate the rate of corrosion (CR) (weight of
steel consumption per year) using Eq. 5 [17]:

CR (um/year) = 3.3 M/ zd (5)

where z is an ionic charge that equals 3 for iron (Fe), M is
the atomic weight (at wt) of metal that equals 55.85 for Fe,
d is the iron (Fe) density that equals 7.9 g/cm?, and I, is
the current density of corrosion which is expressed as
pA/cm?,

The values of corrosion current and potential (I.oy,
and E..,) were measured using the intersection of the
linear cathodic and anodic branches of Tafel plots in the
presence and absence of various amounts of Posidonia ocea-
nica ethanolic extracts. Each experiment was carried out at
least three times. Stern—Geary equation was used to resolve
the polarization resistance (R,) values. Eq. 6 [18] is:

_ iBa ) ch
P 2.303Lon(B, + B.)

(6)

The surface inclusion degrees () were calculated
using potentiodynamic measurements by Eq. 7:

0=1- Icorr/Icorr° (7)

where I....° and I, are the densities of corrosion cur-
rent in the absence and existence of P. oceanica/PVP,
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respectively. The inhibitive efficiency (IE%) was mea-
sured by Eq. 8:

IE% = 0 x 100 (8)

2.7 Surface characterization

Scanning electron microscopy (SEM) and energy disper-
sive X-ray analysis (EDS) were used to examine the sur-
face morphology of corrosive sample products on mild
steel after 120 h of immersion in corrosive media of 1M
of HCl in the existence and absence of several concentra-
tions of P. oceanica/PVP extracts.

2.8 Fourier transforms infrared (FTIR)
spectroscopy

Fourier transform infrared spectrometer (FTIR) (Thermo
Scientific-NICOLET iS10 USA) was used to acquire absorp-
tion spectra in the infrared band. This method is used
to identify the primary functional groups of Posidonia
oceanica/PVP. Samples were combined with KBr, crushed,
and pressed with a specific press to produce a disc with a
standard diameter.

2.9 Electrochemical impedance
spectroscopy (EIS)

EIS measurements of mild steel were carried out in fre-
quency range from 100 kHz to 100 mHz with amplitude
of 10 mV peak-to-peak using ac signals at OCP. The inhi-
bition efficiencies (IE%) and the surface coverage (6)
obtained from the impedance measurements are defined
by the following Eq. 9:

IE% = 6 x 100 = [1 — (Rect/Retinn))] x 100 9

where R and Rcyinn) are the charge transfer resistances
in the absence and presence of inhibitor, respectively.

The main parameters deduced from the analysis of
Nyquist diagram are the resistance of charge transfer R,
(diameter of high frequency loop) and the capacitance of
double layer Cq which is defined as Eq. 10:

Cdl = (ZHRctFmax)_l (10)
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where F,ax is the maximum frequency at which the ima-
ginary component (Zimag) of the impedance is maxi-
mum; since the electrochemical theory assumed that
1/R.; is directly proportional to the capacity of double layer.

3 Results and discussion

3.1 FTIR spectroscopy of P. oceanica/PVP

The FTIR of P. oceanica/PVP extracts in Figure 1 shows
that the broad IR peak is located at 3,332cm™ and this
may be attributed to the v of the O-H and N-H groups
interested in the compounds of phenolic and proteins,
respectively. In addition, the v,s and v of C—O-C poly-
saccharide glycosidic linkage are located at 1,250 and
1,044 cm™, respectively [19,20]. The two sharp IR peaks
are centered at 2,915 and 2,849 cm ™ corresponding to the
Vast and vy of CH, in fatty acids, respectively [21]. This
indicates that the ethanolic extracts of Posidonia ocea-
nica are lipid-rich materials. Furthermore, the FTIR peaks
arising from the existence of C=0 located at 1,727 and
1,634 cm™! are corresponding to the ester and carboxylic
group of lipids and PVP, respectively. The FTIR peak
located at 1,170 cm™ is attributed to the (C-0) group.
This IR peak confirmed the existence of fatty acids long-
chain (C»—Cs,), such as palmitic molecules, linoleic, pal-
mitoleic, and oleic acids [22].

Figure 1 shows that the “fingerprint” region (i.e.,
900-400 cm ") was detected for the polysaccharide mole-
cules, such as the intense FTIR peak located at 867 cm™
which is considered to conform to the mannose and galac-
tose pyranose rings [23]. Additionally, the peaks located at

= (P.oceanic/PVP)

Transmittance (a.u.)
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Figure 1: FTIR of ethanolic Posidonia oceanica based on PVP
extracts.
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~718 and 648 cm ™ are assigned to the existence of xylans-
type polysaccharides [24]. These peaks support the pre-
sence of carbohydrate compounds [25]. The two weak
FTIR peaks centered at 3,740 and 3,696 cm™ are attributed
to the inner OH of kaolin [26,27]. The FTIR confirmed the
existence of phenolic and polysaccharide compounds with
traces of kaolin.

3.2 Gravimetric estimation (weight loss
approach)

To examine the impact of the concentrates expansion
of ethanolic Posidonia oceanica based on PVP, various
focuses on the erosion of steel in corrosive media of 1M
of HCl arrangement were tried and concentrated by
weight reduction estimations at 20°C after a period of
120 h. Figure 2 outlines the weight reduction time bent
for the erosion of mild steel in corrosive media in the
absence and existence of the numerous contents of etha-
nolic extracts inhibitor of P. oceanica/PVP at 20°C. The
current results indicated that the weight losses of steel
samples in the existence of P. oceanica/PVP were lower
than that of free (blank) samples in the corrosive media.
It expanded and shifted directly over time for all focuses.
The acquired linearity demonstrated the lack of insoluble
surface film through erosion. First, the P. oceanica/PVP
inhibitor was immobilized onto the metal sample surface,
blocking the corrosion process in this way [28]. These
observations led to the conclusion that the ethanolic
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Figure 2: Weight loss-time dependence curve for the corrosion of
steel in corrosive media of 1 M of HClin the presence and absence of
various concentrations of ethanolic extracts of P. oceanica/PVP at a
temperature of 20°C.
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Table 1: Corrosion parameters such as CR, 6, and IE% of mild steel
in corrosive media (1 M of HCl) in the presence and absence of
various concentrations of ethanolic extract of P. oceanica/PVP
obtained by weight-loss approach at a temperature of 20°C

Inhibitor Corrosion Surface Inhibition
concentration rate (CR) coverage efficiency
(ppm) (mm/year) () (IE) (%)
Blank 210.440 - -

100 55.456 0.741 74

300 52.000 0.754 75

500 50.230 0.759 76

700 46.240 0.782 78

1,000 45.376 0.787 79

extracts of P. oceanica/PVP are selected as a steel disin-
tegration inhibitor in the corrosive solution. Table 1
outlines the corresponding inhibition effectiveness, the
coverage of the surface, and the erosion rate percentage
data measured using the 120 h weight reduction results.
This tends to be observed from the fact that the expan-
sion of extracts reduces the erosion rate and indicates
obvious consumption restraint conducted against the
erosion of steel in corrosive media. The inhibitory impact
is incrementing through expanding the convergence of
ethanolic extracts of P. oceanica based on PVP. The max-
imum IE% of 79% was obtained at 1,000 ppm for this
inhibitor. The change in the value of IE% with the concen-
trations (Table 1) revealed that the ethanolic extracts were
concentration-dependent inhibitors. It was postulated that
the exceptionally low corrosion rates with the use of an
inhibitor which is relative to the free solution were due to
the influence on the metal surface of a thin and stable
passive layer [29]. In groups C-O, O-H, and C=0 and
other aromatic molecules, the concentrates contain oxygen
atoms which are rich in electrons and can fill in the metal
surface along these lines as a good adsorption site that
restricts the mild steel corrosion in corrosive media.

3.3 OCP estimations

The steel electrochemical activity in corrosive media was
evaluated over time by measuring the alternation of the
corrosion potential (E.o). Changes in OCP in the exis-
tence and absence of P. oceanica/PVP inhibitor in corro-
sive media of 1M of HCl are presented in Figure 3. The
potential accomplishes a consistent state at 30 min after the
introduction. It has been observed that the OCP rapidly
changes toward negative qualities without the inhibitor
of P. oceanica/PVP. This displays the pre-immersion, the
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Figure 3: Corrosion potential-time dependence curve for the
corrosion of mild steel in corrosives media (1 M of HCl) in the
absence and presence of the various concentrations of

P. oceanica/PVP at a temperature of 20°C.

disintegration mechanism of air-framed oxide layer, and
the attack on the surface of the metal. Compared with the
free sample, a steady potential was easily achieved. For var-
ious concentrations, the steady-state potential of mild steel
in corrosives media shifted further toward a positive value.
This is due to the inhibitor adsorption of P. oceanica/PVP
on the surface of the metal sample and this results in
metal passivation [30]. Physical adsorption takes place
among the positive (+ve) charge of the protonated
P. oceanica/PVP inhibitor and the negative (-ve) charge
of the steel surface (FeCl;) in corrosive media of HCl. As a
result, E.,,, drifts to more +ve values in the steady-state.
In any case, it is shown from Figure 3 that the positive
move of E.,, is too little for a sensible arrangement
dependent on the results of the OCP estimations.

3.4 PP estimation

Figure 4 shows the PP curves of steel samples in the
corrosive media in the absence and existence of various
Posidonia oceanica ethanolic extracts dependent on the
PVP inhibitor concentrations. Numerous corrosion para-
meters, such as corrosion potential (E..), anodic and
cathodic Tafel slopes (8, and B.), corrosion current den-
sity (Icorr), POlarization resistance (Rp), and inhibition
efficiency (IE%), are shown in Table 2. It can be very
well shown that the inhibitor extract of P. oceanica/PVP
has a small impact on the anodic Tafel consistent esti-
mates and a more important impact on the cathodic Tafel
steady estimates. This demonstrates that the inhibitor
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Figure 4: PP curve for mild steel in corrosive media of 1M of HCl
solutions in the absence and existence of the different concentra-
tions of P. oceanica/PVP at a temperature of 20°C.

can alert the instrument of cathodic response and may
not have an effect on the anodic disintegration phase [31].
Figure 4 shows that the hydrogen advancement is activa-
tion-controlled. In addition, it demonstrates that the
decrease instrument of anodic is not influenced by the
existence of the P. oceanica/PVP inhibitor. The change in
the values of the cathodic Tafel slope (8.) is proposing that
the response component of hydrogen decrease is not equi-
valent to the existence and absence of P. oceanica/PVP.
The information in Table 2 clearly shows that the current
density (I..) values decrease, and the polarization
values (R,) increase as predicted by the existence of
different percentages of P. oceanica/PVP. The values of
mild steel I, in the inhibited solution are more modest
than those of the free solution of the inhibitor. Due to
the reverse relationship between R, and I., through
expanding the concentration of the P. oceanica/PVP inhi-
bitor, it is commonly assumed that the adsorption of the
P. oceanica/PVP inhibitor particles takes place on the
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Table 3: Comparison of inhibition efficiency of P. oceanica/PVP
measured by weight reduction method and PP

Inhibitor concentration (ppm) Inhibition efficiency (%)

Weight loss method PP

100 74 55
300 75 68
500 76 75
700 78 80
1,000 79 81

metal surfaces by creating physical and charge-transfer
barriers to protect the metal surfaces in a high degree.
The inhibiting activity expanded by the concentration is
at the highest estimation of 81% at 1 g/L (1,000 ppm). The
E.or value moved toward the negative direction by incor-
porating the ethanolic extracts of Posidonia oceanica. In
addition, the change in the negative corrosion potential
suggests that the compounds examined by P. oceanica/PVP
are considered cathodic inhibitor [32]. The abatement
of the erosion current density and the expansion of
the hindrance effectiveness might be credited to the phy-
sical adsorption of the investigated compounds of the
P. oceanica/PVP inhibitors on the metal surface sample.
The results of the tests based on polarization curves
revealed that I, decreases dramatically in the presence
of the P. oceanica/PVP inhibitor at all studied concen-
trations. The Tafel polarization technique affirmed the
results of the main weight reduction, giving some extra
data. They are dictated by the extrapolation of Tafel lines
to the corrosion potentials. Table 3 shows the examina-
tion of hindrance productivity estimated by weight reduc-
tion technique and PP. Additionally, it is observed from
Table 3 that polarization studies have a close relationship
with the estimations of inhibition efficiencies which were
obtained by using the P. oceanica/PVP inhibitors through
weight reduction estimations.

Table 2: The parameters of the corrosion experiment obtained from polarization curves for mild steel in 1M of HCl solution in the absence
and existence of the various P. oceanica/PVP concentrations at a temperature of 20°C

Inhibitor concentration (ppm)  Ecore (V) leorr (A/cm?) B, (V/dec) B (V/dec) R, (Q-cm™®) CR (pm/year) 6 IE (%)
1M of HCl (blank) -0.345 7.925 1.20 0.66 21916.27 61.629 — —
100 -0.428 3.548 0.40 0.10 24475.0 27.592 0.5523 55
300 -0.463 2.512 1.20 0.30 41487.5 19.534 0.6830 68
500 -0.481 1.995 1.86 0.34 63031.7 15.516 0.7482 75
700 -0.475 1.585 1.20 0.30 65753.0 12.325 0.8000 80
1,000 -0.416 1.514 1.33 0.40 88266.9 11.770 0.8090 81
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3.5 EIS

EIS is a non-destructive method that provides informa-
tion about surface properties. The Nyquist and Bode plots
of mild steel in 1M of HCl with and without the various
concentrations of P. oceanica/PVP at OCP are shown in
Figure 5. The Nyquist plot in Figure 5a is a semicircle
which shows that its diameter increases with the increase
in the P. oceanica/PVP concentration. The high half-
circle is credited to the double-layer capacitance [33].
It is obvious that the impedance spectra are not an ideal
half-circle and are a discouraged capacitive circle com-
pared with the surface heterogeneity which might be the
consequence of the surface unpleasantness or adsorption
of the inhibitor atoms [33-35]. The charge transfer resistance
value increases with the increase in the P. oceanica/PVP
concentration. Its value is a measure of electron transfer
across the surface and is inversely proportional to the cor-
rosion rate [36]. Figure 5b and ¢ shows that the Bode plot
shapes for the inhibited and uninhibited mild steel does not
change. This indicates that the P. oceanica/PVP inhibitor
does not change the corrosion mechanism. Figure 5d
demonstrates the proposed inhibitor corrosion mecha-
nism of P. oceanica/PVP. The EIS parameters are listed
in Table 4. From R, the IE% increases with the increase
in the P. oceanica/PVP concentration. The results obtained
from EIS are consistent with the results observed by the
polarization and weight-loss measurements. This indicates
the ability of P. oceanica/PVP as a corrosion inhibitor for
mild steel in 1M of HCI solution.

3.6 Adsorption isotherm

The inhibitor compounds’ adsorption depends on several
factors: the charge on the surface of the metal and their
composition, the electronic characteristics of the metal
surface when the other ionic species and solvents are
adsorbed, the electrochemical potential, and the corro-
sion reaction temperature at the interface of the metal
solution [37]. As a result, the division of surface covered
with inhibitor species (8) will occur as a part of inhibitor
fixation and solution temperature. The information on
surface inclusion (6) is extremely valuable in discussing
the adsorption attributes. Adsorption isotherm could be
assessed at harmony condition at the point when the
covered part of the surface is resolved as a component
of the fixation at a consistent temperature. The level of
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surface inclusion 6 for various P. oceanica/PVP concen-
trations in acidic corrosive media has been assessed by
weight reduction and potentiodynamic estimations. The
adsorption isotherms and connected mechanisms were
drawn. Several mathematical formulae of adsorption iso-
therms have been proposed to match the experimental
data in this study, but the best fit was found through
the equation of Langmuir adsorption isotherm, which is
as follows [35]:

C/0=1/Kys + C (11)

where K.qs and C are the equilibrium constants of both
the desorption and adsorption process and the various
concentrations of P. oceanica/PVP, respectively. K,qs values
can be calculated by the intercepts of the straight line of the
C/0 axis which is related to the standard free energy of
adsorption (AGY;), as calculated in the following Egs. 12
and 13:

Kads = 1/55.5 exp(-(AGaas/RT) (12)

or

AGY = —RT 1n(55.5Kq4s) (13)

where R and T are the gas constant and the absolute
temperature, respectively. The water concentration in
the bulk solution has a value of 55.5. The values of free
energy, AGY,, were calculated.

Table 4 displays the calculated free energy values
(AGY) of mild steel samples in corrosive media of 1M
of HCI in the existence and absence of the various con-
centrations of P. oceanica/PVP. The —ve values of free
energy (AGY) indicate the continuous adsorption of the
P. oceanica/PVP inhibitors on the surface of steel samples
[35]. Generally, the estimations of free energy (AGfds) up
to —20 kJ-mol ™! are steady with electrostatic interactions
(physical adsorption) among charged metal and atoms,
while the estimations of free energy (AGY) around or
higher than -40 kJ-mol™ are related to a direct chemi-
sorption result by moving or sharing electrons from the
P. oceanica/PVP inhibitor particles to the metal surface
to frame coordinate bonds. The adsorption modes, such
as physisorption adsorption modes and chemisorption
adsorption modes, could be ascribed to the fact that the
investigated P. oceanica/PVP inhibitors contain several
chemical compounds that may be adsorbed physically
or chemically [38]. The plot of the C/0 virus contraction
of the P. oceanica/PVP inhibitors for mild steel in corro-
sive media with and without the various concentrations
of P. oceanica/PVP is a linear relationship, as shown in
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Figure 5: EIS plots as (a) Nyquist plot, (b) Bode plot, (c) phase angle plot for mild steel in 1M of HCl with and without the various
concentrations of P. oceanica/PVP and (d) proposed mechanism of P. oceanica/PVP as corrosion inhibitor.
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Table 4: EIS parameters for mild steel in 1M of HCl with and without the various concentrations of P. oceanica/PVP

Inhibitor concentration (ppm) R, (Q-cm?) Rt (Q-cm?) Cai (pF-cm?) Phase angle IE (%)
1M of HCl (blank) 3.25 12.13 183.1 -10.4 —
100 1.210 16.51 152.3 -26.2 26.5
300 1.958 102.1 21.27 -20.4 88.1
500 2.460 241.8 17.83 -18.5 94.9
700 3.354 319.1 8.633 -20.8 96.2
1,000 4.250 333.6 1.331 -18 96.4

Figure 6. This indicates that the physical adsorption
approach of P. oceanica/PVP to the metal surface sample
is following Langmuir adsorption isotherm (Table 5).

3.7 The effect of temperature on inhibition
process

To detect the stability of the formed protective film, the
corrosion rate of the investigated inhibitor was studied at
different temperatures (20°C, 40°C, and 50°C) for 3 h. The
effect of temperature on the corrosion rate of mild steel in
1M of HCI solutions in the absence and presence of

1.4 -
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c/e

0.6 -

0.4 -

0.0 - ' ' ' ' '
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Figure 6: Langmuir adsorption isotherm model for mild steel in
corrosive media (1M of HCl) in the existence and absence of

P. oceanica/PVP at a temperature of 20°C through weight loss and
potentiodynamic approach.

the best P. oceanica/PVP concentration (1,000 ppm) was
obtained by the weight-loss method. The effect of tempera-
tures on the inhibited steel surface is highly complex
because many changes occur on the metal surface. As the
temperature increases, the degree of the surface coverage
decreases due to the inhibitors’ desorption from the steel
surface. The surface becomes less protected and the inhibi-
tion, therefore, gradually looses its effectiveness.

The apparent activation energy value (E,) was calcu-
lated using the Arrhenius equation as given in Eq. 14:

CR.=Aexp - E;/RT (14)

where C.R. is the corrosion rate of the mild steel surface,
A is the Arrhenius constant or the pre-exponential factor,
R is the universal gas constant, and T is the absolute
temperature.

Figure 7 shows that the linear regression plots between
In C.R. and 1/T give a slope of —E,/R. The calculated activa-
tion energy (E,) and regulation factor (R) for mild steel
in 1M of HCI solutions in the absence and presence of
P. oceanica/PVP are displayed in Table 6. The values of
E, may be explained by the modification of the corrosion
process mechanism in the presence of inhibitor molecules.
The activation energy of the inhibited metal is higher than
the uninhibited one. This indicates that more energy bar-
riers are required for the corrosion reaction. According to
several reports, the activation energy E, due to chemical
adsorption (>80 kJ-mol ™) is considerably larger than that
due to physical adsorption (<80 kj-mol ).

The values of apparent enthalpy of activation AH,gs
and entropy of activation AS.qs were obtained by the
linearized transition state theory. As shown in Figure 8,

Table 5: Parameters of Langmuir adsorption isotherm in corrosive media of 1 M of HCI for mild steel in the presence and absence of
P. oceanica/PVP at a temperature of 20°C through weight loss and potentiodynamic approach

Investigated inhibitor Weight reduction method

Potentiodynamic method

Slope Kaas R?

AGads SIOPE Kads Rz AGads

P. oceanica/PVP 1.2575 56.863 0.9996

-19.627 1.1573 12.802 0.9989 -15.995
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Figure 7: A plot of In C.R. versus 1/T for mild steel in 1M of HCl
solutions in the absence and presence of the best P. oceanica/PVP
concentration (1,000 ppm).

the values of AH, 45 and AS,4 listed in Table 6 were cal-
culated using the slope and the intercept of the straight
line of In CR/T versus 1/T, respectively. The positive
values of AH show that the P. oceanica/PVP adsorption
on the steel surface is endothermic. This means that the
dissolution of steel is difficult. However, the negative
values of AS,4s in the presence of the inhibitor imply
that the activated complex in the rate-determining step
is an association rather than a dissociation step. The
increase in entropy in the presence of P. oceanica/PVP indi-
cates that the increase in the disorder takes place in going
from reactants to the film formed on the metal/solution
interface.

3.8 Mechanism inhibition process

The physical adsorption of P. oceanica/PVP molecules on
the surface of the metal steel sample increased with the
increase in the P. oceanica/PVP concentration. It was
suggested that the high lipid content of P. oceanica/PVP
(Figure 1) arises from the existence of C=0 at 1,727 and
1,634 cm™ and the additional peaks correspond to car-
bonyl moiety in lipids molecules. The C-O groups also

Table 6: Thermodynamic parameters obtained by weight-loss method
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Figure 8: A plot of In C.R./T versus 1/T for mild steel in 1M of HCl
solutions in the absence and presence of the best P. oceanica/PVP
concentration (1,000 ppm).

show an IR peak at 1,170 cm™. These IR peaks confirmed
the existence of long-chain (C,—Cs4) fatty acids, such
as palmitoleic, palmitic, linoleic, and oleic acids, which
correspond to the general concept of traditional corrosion
inhibitors. The non-fortified oxygen electrons are proto-
nated in acidic media. Due to the electrostatic interactions,
the protonated P. oceanica/PVP particles are adsorbed
physically. The erosion hindrance happens because
of the adsorption of natural atoms at the interface of
metal/solution. The adsorption process itself relies on
the particle’s composition, temperature, and the electro-
chemical potential at the interface of metal/solution. The
H,0 molecules are adsorbed on the metal surface to form
the interface of metal/solution. In addition, some adsorbed
molecules of H,0 may occur on the metal surface by the
P. oceanica/PVP inhibitor.

The mechanism of steel sample corrosion in corrosive
media of 1M of HCl is shown in Eq. 15:

Fe — Fe?t + 2e- (15)

There are different cathodic reactions that are the

most common reactions in acidic media [10]:
2H" + 2 - H, (16)

0O, + 4H' + 4~ — 2H,0 17)

AH 45 (k)/mol) AS,4s (kJ/mol)

Parameters R? E, (kJ/mol)
Blank (1 M of HCI) 0.9238 16.412
1,000 ppm 0.9999 70.015

-146.960
—-26.182

13.994
67.617
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Figure 9: SEM micrographs of blank polished steel samples (a), after an immersion in corrosive media of 1M of HCl in the absence of

P. oceanica/PVP (b), after a soak in corrosive media of 1 M of HCl in the existence of 100 ppm of P. oceanica/PVP (c), after a soak in corrosive
media of 1M of HCl in the existence of 300 ppm of P. oceanica/PVP (d), after a soak in corrosive media of 1 M of HCl in the existence of
1,000 ppm of P. oceanica/PVP (e), and after a soak in corrosive media of 1M of HCl in the existence of 1,000 ppm of PVP (f).
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When iron corrodes, the rate is usually controlled by
the cathodic reaction.

Fe + HCI — FeCl, + H, (18)

Fe is oxidized to Fe’* by H'; the Cl~ ion was not
strong enough to act as an oxidizing agent so it plays
no role in the reaction according to Le Chatelier’s prin-
ciple. In the reduction reaction, the hydrogen gas evolu-
tion is as follows:

2H" + 2e” — Hygs + 2H, (19)

where H,qs is the adsorbed hydrogen ions on the surface
of the steel sample which acts as a catalyst to enhance
the generation of the new bubble of hydrogen gas
in the surface of the cathode [39-41]. The percent of
P. oceanica/PVP can prevent hydrogen gas generation
and stop the corrosion process.

3.9 Spectroscopic analysis of mild steel

Figure 9 represents the SEM micrographs of the steel
samples in the corrosive media of 1M of HCI after 120 h in
the existence and absence of P. oceanica/PVP. In addition,
this figure collects the macrostructure of the polished
samples before cathodic corrosion, the corroded samples
of blank samples, and at the concentrations of 100, 300,
and 1,000 ppm in the investigated inhibitors. The scan-
ning electron micrographs show the protective film formed
on the surface of the steel sample by P. oceanica/PVP.
Figure 9b shows that the specimen surface of the mild
steel is extensively oxidized and rougher. Additionally,
it strongly damaged the blank sample. On the other
hand, Figure 6¢c—e shows that forming a protective layer
on the surfaces of the steel samples results in a safer and
clearer surface for the examined inhibitors. This protec-
tive sheet of P. oceanica/PVP could act as an isolate and
barrier to the vulnerable surface of the steel in corrosive
environments. The extent of damage on the surface of
the steel sample and the rate of steel sample corrosion is
considerably lower in the existence of inhibitors, espe-
cially at high concentration of 1,000 ppm. This revealed
that there was a good defensive film adsorbed on the
metal surface that acted as a physical and charged bar-
rier and which was responsible for the inhibition of ero-
sion. The SEM micrographs show an adherence of the
inhibitors on the metallic surfaces which are in accep-
table concurrence with the results of the electrochemical
estimation. While the metallic surfaces were coated with
1,000 ppm of PVP, they were strongly damaged. They
also showed big voids on the steel surface (Figure 9f).

DE GRUYTER

4 Conclusion

The accompanying ends might be drawn from the exam-
ination: ethanolic extract concentrates of P. oceanica/PVP
in the hydrochloric corrosion have been discovered to
be a solid inhibitor of mild steel erosion. The restraint
effectiveness increments with an inhibitor focused on
achieving an estimation of 81% at 1,000 ppm. Polari-
zation measurements show that the ethanolic extracts
of P. oceanica/PVP act as a cathodic inhibitor. The model
of adsorption mechanism of P. oceanica/PVP on steel sur-
face fitted the equation of Langmuir adsorption isotherm
and was physisorption. The inhibitor efficiency deter-
mined by the electrochemical polarization and the gravi-
metric method is in good agreement.
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