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Abstract: The influence of the methanolic extract of Artemisia herba alba (MEAHA) as a potential
green inhibitor on the corrosion behavior of mild steel in 1M HCl solution in the presence of different
concentrations (200 to 500 ppm) was explored and investigated using weight loss (WL) method,
potentiodynamic polarization (PDP) technique, electrochemical impedance spectroscopy (EIS)
measurement, scanning electron microscope (SEM) analysis, energy dispersive spectroscopy (EDS),
temperature effect, Langmuir adsorption isotherm, and kinetic thermodynamic parameters. Obtained
results suggest that the increases in MEAHA concentration lead to increases in the anti-corrosive
protection efficiencies, which are 91, 89, and 90% for WL, PDP, and EIS, respectively. SEM analysis
resulting after soaking in the corrosion inhibitor solution, the surface of mild steel is still relatively
smooth for 24 h. Adsorption of MEAHA obeyed Langmuir adsorption isotherm model. Also, MEAHA
green inhibitor is very well adsorbed by the active centers on MS area.
Keywords: MEAHA; green inhibitor; corrosion behavior; mild steel; MEB/EDS; Langmuir
adsorption.
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1. Introduction
Recently, several researchers have been studying the development and investigation of
new methods, materials, and technologies that can delay the corrosion of steel using essential
oil and extracts of Artemisia herba alba as a potential green corrosion inhibitor in aggressive
acidic mediums (HCl, H3PO4, H2SO4, HNO3, etc.) [1-4]. Methanolic extract of Artemisia is a
natural substance that is not toxic for humans and environmentally friendly. It could be
employed as a potential green inhibitor for mild steel protection in the hydrochloric acid
solution (1 M HCl) [5]. The anti-corrosive inhibition efficiencies of natural inhibitors for mild
steel include chemical conversion disposal, anodic oxidation, laser disposal, corrosion
inhibitory and coatings, etc. Adding the methanolic extract of Artemisia herba alba has several
advantages: the excellent anti-corrosive property, the low cost, and the very simple equipment,
and widely employed in many industries such as chemical, cosmetic, other, etc. [6-8].
Corrosion inhibition of the mild steel surface is protected by the physical, chemical, and/or
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physicochemical adsorption between the metallic surfaces and products investigated to form
insoluble thin films by chemical adsorption prevent further corrosion of substrate [9-15]. The
effective adsorption of corrosion inhibition requires the presence of multiple bonds and the
heterocyclic compounds having heteroatoms such as nitrogen, sulfur, oxygen, phosphorus, etc.
[16-22]. The development and investigation of new green inhibitors and the improvement of
anti-corrosive protective efficiency are the primary objectives of green corrosion inhibitor
research. Presently, the corrosion research of mild steel in 1M HCl medium mainly focuses on
the influence of microstructure and phase structure on their anti-corrosive performance.
However, the influence of ion Cl and concentration on the anti-corrosive protection behavior
of green corrosion inhibitor is reported in several pieces of literature [23-26]. The objective of
our present study is the development and application of a methanolic extract of Artemisia herba
alba as a potential green anti-corrosive inhibitor for mild steel in 1M HCl medium. Then, the
methanolic extract of Artemisia herba alba was studied and investigated for outgoing
application as a potential green corrosion inhibitor for mild steel using weight loss (WL),
potentiodynamic polarization (PDP), electrochemical impedance spectroscopy (EIS), scanning
electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), temperature effect,
Langmuir adsorption isotherm and kinetic thermodynamic parameters [27, 28].
2. Materials and Methods
2.1. Extraction of the methanolic extract of Artemisia Herba Alba.

In the Imilchil area in the Atlas Mountains of Morocco, Artemisia herba alba was
gathered fresh during February (2016). Randomly, it is dried in the shade, protected from
moisture, and kept carefully in a non-humid and ventilated area within the Laboratory of
Materials, Nanotechnology, and Environment at the Faculty of Sciences, Mohammed V
University in Rabat. An electric mill is used to grind the aerial part of these species until a
powder was obtained. Using Soxhlet for 8 h, 30 g of this aerial part's powder is subjected to
methanol extraction [29, 30]. The extract was, therefore, concentrated completely in a rotary
evaporator. Until its use is needed, the residue was saved in a tightly closed vial of colored
glass at 4°C.
2.2. Material employed and corrosive solution.

In this study, mild steel (MS) specimens was employed as a material with a chemical
composition (C=0.29, Cr=0.18, Mn=0.62, P=0.05, Cu=0.27, S=0.05, Ni=0.09, Al=0.02 and
rest of iron). Also, the MS samples were treated and polished with emery paper (600 to 2000),
rinsed with double-distilled water and degreased with propanone and ethanol at room
temperature. For WL, PDP and EIS tests, the MS sample surface was 1 cm2. 1 M HCl solution
was realized using a dilution of 37% HCl with bidistilled water [31]. The concentration range
of MEAHA studied was 200 to 500ppm.
2.3. Electrochemical investigation.

The corrosion inhibition effect of MEAHA on MS samples was performed using the
potentiostat PGZ 301 (Radiometer Analytical) apparatus. Then, the electrochemical cell is
composed of three electrodes. They are mild steel that operates as a working electrode. The
platinium serves as a counter electrode and the saturated calomel electrode stands as a reference
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electrode, respectively [32]. The PDP parameter was 0.3 mV/s of scan rate in the range of -800
to 0 mV/SCE, and the EIS parameter was 10 mV of sine wave voltage and the frequency
between 100 to 10 mHz. The effect of temperatures was realized and investigated at 303, 313,
323, and 333 K, respectively.
2.4. SEM and EDS analysis.

Scanning electron microscope (SEM) and the energy dispersive spectroscopy (EDS)
analysis (JEOL JSM-IT 100 type) was employed to investigate the morphology of the MS
substrate area immersion in 1 M HCl uninhibited and inhibited by optimal concentration (500
ppm) of the MEAHA tested as a potential green inhibitor, with an accelerating voltage of 20
kV [33].
3. Results and Discussion
3.1. Weight loss measurements.

Weight loss (WL) measurements were employed to study the anti-corrosion inhibition
efficiencies for MS in 1M HCl solution without and with different concentrations of methanolic
extract of Artemisia herba alba investigated as a potential green inhibitor. The corrosion rate
(W) and the corrosion inhibition efficiency (ƞ (%)) were calculated according to equations 1
and 2, respectively [34]. The Wand ƞ (%) are listed in Table 1 [35, 36].
(m - m 2 )
W= 1
S.t
(1)

η (%) =

(W 0 - Winh )
100
W0

(2)
Where m1, m2, W , Winh, S, and t denote the initial weight, the final weight, the corrosion rate
without inhibitor, the corrosion rate with different concentrations of methanolic extract of
Artemisia herba alba, the surface of MS and the time, respectively.
0

Table 1. Weight loss and inhibition efficiency without and with varying concentration of MEAHA
Concentrations (ppm)
Blank
200
300
400
500

W (mg cm-2 h -1 )
0.670
0.226
0.141
0.091
0.059

ƞ (%)

θ

66
79
86
91

0.66
0.79
0.86
0.91

As shown in Table 1, the weight loss decreases with increases in the methanolic extract
of Artemisia herba alba concentrations, owing to that the ƞ (%) increases. Then, the maximum
ƞ (%) value at the optimum concentration of methanolic extract of Artemisia herba alba (500
ppm) was 91 %. The increase of the MEAHA concentrations causes by an increase
considerably in the anti-corrosive inhibition efficiencies. However, suppose the MEAHA Alba
concentrations increase above an optimal value. In that case, the green inhibitor adsorbs on a
mild steel surface by the electrostatic interaction.
3.2. Potentiodynamic polarization test.

Potentiodynamic polarization plots of mild steel in 1M HCl medium without varying
concentrations (200 to 500 ppm) of MEAHA as a green inhibitor are shown in Figure 1. The
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relevant electrochemical parameters are grouped in Table 2. The corrosion inhibition efficiency
was calculated according to equation 3 [37-39].

ηPDP (%) = (

i 0 -iinh
)×100
i0

(3)
With i0 and icorr denote the corrosion current density in the absence and presence of varying
concentrations of methanolic extract of Artemisia herba alba.

Figure 1. Polarization plots for MS in 1M HCl medium without and with HEAHA.
Table 2. Varying electrochemical parameters obtained from PDP without and with different concentrations of
MEAHA.
Inhibitor

MEAHA

Concentration
ppm
1M HCl
200
300
400

-Ecorr
(mVSCE)
449
452
656
663
659

-βc
(mV.dec-1)
92
98
111
118
128

βa
(mV.dec-1)
186
64
71
36
52

icorr
(µA.cm-2)
570
162
117
81
65

ηPDP (%)
72
79
86
89

As a result, indicated in Figure 1 and Table 2, it is confirmed that the cathodic branches
show a typical Tafel behavior, while the anodic branches in the presence of the methanolic
extract of Artemisia herba alba as a green inhibitor reveal that has been related to the
modification in the coverage degree of the MEAHA, which is owing to the reorientation of the
heteroatoms of the MEAHA Alba formed on the mild steel surface [26]. The corrosion of mild
steel is inhibited in 1M HCl medium alone using controlling both anodic dissolution and
hydrogen evolution reaction, however by preventing surface blocking since both βa and βc are
modified in the presence of a different concentration of MEAHA as a green inhibitor. Thus,
there is a difference between the cathodic branch and the anodic branch. For a more detailed
explanation, Figure 1 displays the PDP curves obtained without and in the presence of 200 to
500 ppm of MEAHA in 1 M HCl solution [27]. Noting that the corrosion current densities of
the cathodic and anodic branches in aggressive corrosion solution decreasing with an increase
in the concentration of green inhibitor studied, however the corrosion potential shifts toward
the more negative values, indicating in corrosion inhibition mitigation, which is owing to the
methanolic extract of Artemisia herba alba green inhibitor adsorbed on the metallic surfaceactive centers in 1 M HCl solution [14]. The MEAHA in 1M HCl solution is an cathodic-type
inhibitor.
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3.3. Electrochemical impedance spectroscopy test.

Figure 2 displays the electrochemical impedance spectroscopy plots performed on mild
steel in 1M HCl medium in the absence and the presence of various concentrations of the
methanolic extract of Artemisia Herba Alba. The different electrochemical parameters are
grouped in Table 3. The reduction of corrosion inhibition of the mild steel is largely attributed
to the presence of MEAHA, including the adsorption and the film formation on MS, owing to
the adsorption of green inhibitor studied and the distance between the substrate surface and a
corrosive solution is increased [40]. These facts could be seen through the Nyquist curves
obtained from the EIS study. The protective inhibition efficiency was determined according to
the following equation 4 [41]:
R -R
η
(%) = ( inh 0 ) × 100
EIS
R inh
(4)
Where R0 and Rinh denote the polarization resistance values in the absence and the presence of
MEAHA inhibitor.

Figure 2. Nyquist curve for MS in 1M HCl solution without and with varying concentrations of MEAHA. Inset:
Electrochemical equivalent circuits used to fit the impedance data.
Table 3. Varying electrochemical parameters obtained from EIS without and with different concentrations of
MEAHA.
Inhibitor
1M HCl
MEAHA

C
(ppm)
200
300
400
500

Rs
(Ω.cm2)
1.16
2.759
2.789
2.695
3.101

Rtc
(Ω.cm2)
17
49
67
124
176

Q
(µF Sn-1)
462
470.4
243.7
92.55
62.04

ndl

Cdl
cm-2)
138
167
122
31.08
52.31

(µF

0.800
0.7113
0.8087
0.8398
0.8381

η

EIS

(%)

65
75
86
90

As a result in Figure 2, alone one capacity loop appears in the frequency studies'
impedance spectra, which suggests that the single charger transfer resistance is the main reason
indicating in anti-corrosive in the absence and the presence of the methanolic extract of
Artemisia herba alba green inhibitor. That is possibly related to the charge transfer reaction,
the frequency dispersion, the metallic surface inhomogeneity, and the surface roughness [40].
As such, the higher semicircle implies that the covering film is present in the MS surface. That
presence is made possible thanks to the MEAHA adsorption that works to reduce the corrosion
process. Also, semicircles' diameter increases with the increase of green inhibitor concentration
https://biointerfaceresearch.com/
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up to 500 ppm [42]. At higher frequencies range, there is the one which could correspond to
the metallic surface corrosion compounds. The other one is at lower frequencies, which may
be attributed to the charge transfer process at the substrate/solution interface. An equivalent
electrical circuit: Rs is solution resistance, Rp is polarization resistance, and CPE is a constant
phase element [43, 44]. Owing to the surface roughness, the porous layer formation and the
inhibitor adsorption, there is no ideal capacitive behavior in 1M HCl solution. Also, CPE is
realized to replace the double layer capacity (Cdl) to get the better-fitting plots with the nonideal capacitance response [45]. The maximum inhibition efficiency in 1M HCl solution is
90%. Then, the Rs value increases with the increase of MEAHA concentration, resulting in that
the chloride ions may reduce the solution's resistance. Also, the Rct value elevates with the
increase of MEAHA concentration, which is because that the increase of concentration of
chloride ions strengthens the damage of the protective layer on the metallic surface and reduces
the corrosion resistance (Table 3) [46].
3.4. Adsorption isotherm.

The Langmuir adsorption isotherm of the corrosion inhibition on the metallic surface
in 1M HCl solution is shown in Figure 3. As a result in Figure 3, when the R2 is close to the
unit, the C is linearly related to the C/θ. The Langmuir adsorption isotherm is defined as the
following equations 5 and 6 [47, 48]:
Cinh
1
=
+Cinh
θ
K ads
(5)
0
ΔGads = (- RT)  Ln(55.5Kads ) (6)
0
The ΔG ads value in 1M HCl medium investigated has to value close to -20 kJ.mol-1,
0
resulting in that the physisorption dominates. Not alone K however, also ΔG ads of methanolic

ads,

extract of Artemisia herba alba is the largest in 1M HCl, indicating the strongest adsorption as
shown in Table 4, which is in perfect agreement with their similar electrochemical result.

Figure 3.Langmuir adsorption isotherm curve for the MEAHAin 1M HCl medium fitted by EIS data.
Table 4.Varyin parameters for Langmuir adsorption isotherm of MS with MEAHA.
Inhibitor

R2

Slope

Kads (L/g)

MEAHA

0.99999

0.809

6.71
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3.5. Temperature effect and kinetic parameters.

The temperature effect was realized to investigate the resistance of the film adsorbed
on the mild steel in 1M HCl without and with an optimal concentration of the MEAHA (500
ppm) as a potential green inhibitor (we investigated the potentiodynamic polarization in the
temperature range 303 to 333 K) [49-51]. The PDP curves of the MS surface in 1M HCl only
and with MEAHA (500 ppm) at varying temperatures are presented in Figure 4. The different
electrochemical parameters are listed in Table 5.

Figure 4. Temperature effect on the polarization plots of MS in 1 M HCl without and with 500 ppm of MEAHA
at varying temperatures.

As a result, in Figure 4 and Table 5, we remarked that the corrosion current density for
MS uninhibited and inhibited increases with an increase in temperature, which is owing to the
diminishing of the anti-corrosive inhibition efficiencies. Several parameters were investigated
to understand the adsorption mechanism of the anti-corrosion protection between the MEAHA
and MS arias, such as activation energy (Ea), standard activation enthalpy ΔHa , and standard
activation entropy ΔSa . These parameters were calculated for MS uninhibited and inhibited
with optimum concentration of the MEAHA according to the Arrhenius equation and
alternative formula of the Arrhenius (equations 7 and 8) [14].
-E
icorr = Kexp( a )
RT (7)

ΔSa
ΔHa
RT
exp(
) exp ()
Nh
RT
RT (8)
The Ln(icorr) as a function of 1000/T for MS in HCl medium alone and with MEAHA
at an optimal concentration (500 ppm) was displayed in Figure 5. Then, the Ln(icorr/T) as a
function of 1000/T uninhibited and inhibited with MEAHA (500 ppm) was presented in Figure
6. Also, varying kinetic parameters such as Ea, ΔHa and ΔSa calculated are grouped in Table
5. The activation energy value in the presence of the MEAHA is more than that of the HCl
only, which owing that the higher energy was procured with MEAHA employed as a potential
green inhibitor [52]. Also, the standard activation enthalpy positive value of methanolic extract
of Artemisia herba alba suggests that the MS dissolution process is an endothermic reaction.
icorr =
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Figure 5. Ln(icorr) as function of 1000/T for MS in HCl without and with 500 ppm of MEAHA.

Figure 6. Ln(icorr/T) as a function of 1000/T for MS in HCl without and with 500 ppm of MEAHA.
Table 5. PDP and kinetic parameters of MS in 1 M HCl solution in the absence and présence of 500 ppm of
MEAHA at various temperatures.
Temperatures
K

- Ecorr
mVSCE

icorr
µA cm-2

303
313
323
333

449
445
454
456

570
708
2013
2090

303
313
323
333

659
655
632
642

65
131
427
511
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ηPDP (%)
1M HCl
500 ppm of MEAHA
89
81
79
75

Ea
kJ mol-1

ΔHa
kJ mol-1

- ΔSa
J mol-1 K-1

41.52

38.88

64.46

62.04

59.40

14.04
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3.6. SEM/EDS characterization.

Using scanning electron microscopy (SEM), it has become possible to document the
micrographs (Figure 7) of the mild steel strips’ surfaces. The objective is to examine the
transformations that occur during the corrosion process when 500ppm of AHAME is present
and absent after 24h of immersion. So as to get enough information about the properties
investigated in the sample of the surface of the steel both in the absence and presence of
inhibitor in 1 M HCl, EDX analyses were done. Due to the absence of the extracts (Figure 7),
the steel composition becomes hard and gets damaged after being immersed in 1 M
hydrochloric acid solution because of the force of the rapid corrosion. As a matter of fact, there
is a presence of a layer of corrosion product able to absorb fluids [53]. On the contrary, when
we add to the aggressive environment 500ppm of plant extract, this leads to a remarkable
decrease in mild steel's corrosive attack (Figure 7). As a result, the constitution of corrosion
products gets hindered. This blockage leads to a process of changing to an inferior state of the
mild steel. Indeed, as the SEM images demonstrate, there is a sort of improvement at the surface
coverage level, and the protective film on the steel surface starts to take shape. The prime
reason behind this is associated with the downward change in the interaction between the steel
of the surface and the aggressive medium. It is evident from Figure 7 that the EDX spectrum
contained in aggressive solution (1M HCl) introduces the characteristic and most extreme
possible values of particular elements included in the surface of the sample’s chemical
properties. As such, when the plant extract exists, both the feature peak of nitrogen and
enhancement in the intensity level of the peaks of oxygen and carbon become visibly apparent.
These are present in the tested inhibitor’s chemical constitution [1].

Figure 7. SEM/EDS images of the MS without and with 500 ppm of MEAHA.

4. Conclusions
The corrosion resistance of the corrosion inhibition of the methanolic extract of
Artemisia herba alba used as a green inhibitor in 1M HCl solution was investigated, and the
following conclusions were obtained: As the concentration of MEAHA increases, the Rs of the
solutions and the Rct of corrosion reaction was increased, and the optimal corrosion inhibition
efficiencies are 91, 89, and 90% for WL, PDP and EIS, respectively; The resistance of
corrosion inhibition is due to corrosion inhibitors' coverage to reduce mild steel's exposure
surface; The small insoluble molecules react with corrosion products owing to the hydrophobic
effect of corrosion inhibitors; SEM analysis indicates that the green inhibitor investigation
https://biointerfaceresearch.com/
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leads to smooth film formation on the metal surface in 1M HCl solution; These studies are very
interesting and motivate researchers to improve the methanolic extract of Artemisia herba alba
as a green inhibitor, as a corrosion inhibitor, and as an anti-corrosive coating.
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