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ABSTRACT
Corrosion inhibition effect of Nigella Sativa L extract (SE NS) on corrosion of mild steel in 1 M HCl solution was
investigated using weight loss measurements, electrochemical polarization and EIS methods. Results obtained
reveal that Nigella Sativa L extract acts as a mixed inhibitor without modifying the hydrogen reduction mechanism.
The inhibition efficiency increases with increased Nigella Sativa L extract concentration to attain a maximum value
of 99% at 2 g/L. The adsorption of natural product on the steel surface was found obey to Langmuir’s adsorption
isotherm.
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INTRODUCTION
In recent days, studies on steel corrosion phenomena have become an academic and industrial topic, especially in
acid environments [1-3]. Currently, research in corrosion is focused on green corrosion inhibitors that show good
inhibition efficiency with low risk of environmental pollution [4]. The term green inhibitor’or ecofriendly
inhibitor’refers to substances that are biocompatible such as plant extracts since they are of biological origin [5].
Thus natural products (derived from plant materials) are being studied for their corrosion inhibition potential as they
are showing good corrosion protection and are more environment friendly [6–10]. We have successfully reported
many green corrosion inhibitors for metalsin acid media from various plant sources like mangrove tannins [11],
Kopsia singapurensis [12], Xylopia ferruginea [13] and catechins [14].
Currently, research in corrosion is focused on ‘‘green corrosion inhibitors’’, that show good inhibition efficiency
with low risk of environmental pollution [15].
Thus natural products (derived from plant materials) are being studied for their corrosion inhibition potential as they
are showing good corrosion protection and are more environment friendly [16, 17].
Nigella Sativa L, also known under the names: Cumin Black Habbat El Baraka, Al Haba Souda Sounidj English
Black Seed is an annual, herbaceous aillant 30-60 cm high. The pinnate leaves, divided into narrow lobes are
lanceolate to linear and have nectar tabs, the lower leaves are small and petaloid and higher are long [18, 19]. The
plant is hermaphrodite autonomous reproduction whose fruit is a capsule formed from March to June carpels welded
together to the base of persistent styles. [19] Each capsule contains multiple whitish, triangular seeds mature, they
open and exposure of seeds to air makes black seeds are ovoid 2 to 3.5 mm are 3-4 angles with a top face and finely
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granular crosslinked [19]. It is used as a popular culinary herb and spice. In medicine, it is used as a natural remedy
for a number of diseases as like anti-cancer, anti-fungal, anti-bacterial, anti-asthm, anti-cough, anti-hypertension,
anti-bronchitis, anti-diabetes, against headaches, eczema, fever, inflammation, and other diseases [20].
The encouraging results obtained of of Nigella Sativa L extract as inhibitor of corrosion of copper and steel in
aqueous media [21-23] incited us to examine its effect for mild steel in 1M HCl solution using gravimetric method
and electrochemical techniques such as linear polarization and impedance spectroscopy (EIS).
MATERIALS AND METHODS
1. Preparing sample of Nigella Sativa L extract:
Nigella sativa L. seeds samples were purchased from a local market at Oujda (Morocco). Harvesting of Nigella
sativa seeds was performed in Saudi Arabia in the month of October 2010 which is characterized by its warm, dry
climate in this season. After collection, the seeds are stored in the dark at room temperature until use.
The seeds of Nigella sativa previously cleaned and crushed (mseeds = 50 g). The Soxhlet extraction is started at first
with hexane (fisrt extract SH NS) and then by a mixture of water / methanol (20:80 v / v), the methanol was
evaporated in rota evaporator (second extract SE NS).
The aggressive solutions of 1.0 M HCl were prepared by dilution of an analytical grade 37% HCl with double
distilled water. The concentration range of green inhibitor employed was 0.5– 5 (g/l).
The chemical composition of the working electrode, a mild steel electrode, is given in Table 1. The steel electrode
was mounted in polyester. It was mechanically polished with 400, 600, 800, 1200 emery paper, washed in acetone
and bi-distilled water and put into the cell.
Table 1 Chemical composition of steel specimens
Elements
Mass %

Fe
99.21

C
0.21

Si
0.38

P
0.08

Mn
0.05

S
0.05

Al
0.01

The electrochemical study was carried out using a potentiostat PGZ100 piloted by Voltamaster soft-ware. This
potentiostat is connected to a cell with three electrode thermostats with double wall. A saturated calomel electrode
(SCE) and platinum electrode were used as reference and auxiliary electrodes, respectively. Anodic and cathodic
potentiodynamic polarization curves were plotted at a polarization scan rate of 0.5mV/s. Before all experiments, the
potential was stabilized at free potential during 30 min. The polarisation curves are obtained from −800 mV to −200
mV at 308 K. The solution test is there after de-aerated by bubbling nitrogen
The weight loss of steel specimens of size 1.5× 1.5 × 0.05 cm3in 1 M HCl with and without the addition of different
concentrations of inhibitors was determined after immersion in acid solution over 6 h at 308K.
RESULTS AND DISCUSSION
1. Weight loss measurements:
Values of the inhibition efficiency and corrosion rate obtained from the weight loss measurements of mild steel for
different concentrations of SE NSin 1 M HCl at 35 °C after 6 h of immersion are given in table 2.
Table 2: Corrosion parameters for mild steel in 1 M HCl in absence and presence of different concentrations of SE NS obtained from
weight loss measurements at 35° C for 6h
Inhibitors

Concentration (g/l)

1M HCl

0,5
1
2
3
5

Nigella Sativa L extract (SE NS)

V
(mg.cm-2 h-1)
0.82
0.0821
0.0213
0.0091
0.0001
0

Ew
(%)
--90
97
99
100
100

It is clear that the corrosion rate decreases with the increase of concentration of the tested inhibitor and in turn the
inhibition efficiency (Ew%) increases to attain 99% (at 2g/l). From weight loss measurement, we can conclude that
SE NS is the excellent inhibitor.
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1.1. Adsorption isotherm
It is well established that the first step in corrosion inhibition of metals and alloys is the adsorption of organic
inhibitor molecules at the metal/solution interface and that the adsorption depends on the molecule’s chemical
composition, the temperature and the electrochemical potential at the metal/solution interface. In fact, the solvent
water molecules could also adsorb at metal/solution interface. So the adsorption of organic inhibitor molecules from
the aqueous solution can be regarded as a quasi-substitution process between the organic compounds in the aqueous
phase [Org(sol)] and water molecules at the electrode surface [H2O(ads)].
Org(sol) + n(H2O)(ads)

Org(ads) + nH2O(sol)(5)

Where: Org(sol) and Org(ads) are the organic specie dissolved in the aqueous solution and adsorbed onto the
metallic surface, respectively, H2O(ads) is the water molecule adsorbed on the metallic surface and n is the size ratio
representing the number of water molecules replaced by one organic adsorbate. Basic information on the adsorption
of inhibitors on the metal surface can be provided by adsorption isotherm. In order to obtain the isotherm, the
fractional surface coverage values (θ) as a function of inhibitor concentration must be obtained.
Surface can be provided by adsorption isotherm. Several isotherms including Frumkin, Langmuir, Temkin isotherms
are employed to fit the experimental data. It is found that the adsorption of studied inhibitors on steel surface obeys
the Langmuir adsorption isotherm equation [24, 25]:
(6)

1
ϴ

=

+

where: C is the concentration of inhibitor, K the adsorption equilibrium constant, and ϴ is the surface coverage and
expressed by the ration E%/100.
The surface coverage values θ were tested graphically for fitting a suitable adsorption isotherm. The plot of C/θ
versus C yielded a straight line with a slope 1.04. This was observed clearly proving that the adsorption of the citrus
aurantium oil from acid solutions on the mild steel surface obey the Langmuir adsorption isotherm (Fig 1).
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Fig1: Langmuir isotherm of steel in the 1M HCl in presence of SE NS at calculated by gravimetric method

Plotting of C vs. C/θ results in a linear correlation, shown in Fig. 1. The standard free energy of adsorption (∆G°ads)
was estimated by the following equation:
K=

1
∆
exp
55.5

(7)

Where 55.5 is the molar concentration of water in the solution expressed in molarity units (M) [26].
As shown in Table 3, the negative ∆G°ads value (-36.65) obtained indicates that the adsorption process of SE NS to
the surface is spontaneous and the interaction of the adsorbed layer with the steel surface is stable [27]. Meanwhile,
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it could be deduced that inhibitor SE NS adopts both electrostatic-adsorption and chemisorptions on the mild steel
surface in 1 M HCl with the latter being privileged [28, 29].
Table 3 The calculated value of Kads and ∆G°ads for mild steel in 1 M HCl containing SE NS at 35 °C
Inhibitor
SE NS

R2
0.999

Slope
1.04

K (M-1)
18.26 103

∆G0ads(Kj.mol-1)
-36.65

1.2. Potentiodynamic polarization curves:
Potentiodynamic polarisation curves of steel in 1M HCl in the presence and absence of the tested inhibitor (SE NS)
is shown in Fig. 2. The corrosion parameters including corrosion current densities (Icorr), corrosion potential (Ecorr),
cathodic Tafel slope (βc), anodic Tafel slop (βa) and inhibition efficiency (EI %) are listed in Table 4.
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Fig 2: Tafel plot of mild steel with different concentrations of SE NS in 1M HCl solution

The examination of Fig. 2 shows that the addition of SE NS affects both anodic dissolution of steel and cathodic
reduction reactions indicating that the compound could be classified as mixed-type inhibitor. The values of
corrosion potential (Ecorr) remain almost constant upon the addition of inhibitor concentration. We also remark that
the cathodic current–potential curves give rise to parallel Tafel lines, which indicate that hydrogen evolution
reaction is activation controlled and that the addition of the SE NS does not affected the mechanism of this process
(Fig.2) [30].
Table 4: Tafel polarization parameters obtained at different concentrations of SE NS
Concentration

-Ecorr

Icorr

Inhibitors
1M HCl

Nigella Sativa L extract (SE NS)

(g/l)
0.5
1
2
3
5

(mV/SCE)
464
460
480
459
460
473

(µA/cm2)
1386
162
83
18
17
16

Ep
-βc

βa

164
196
177
141
130
149

135
85
90
64
61
81

(%)
-88
94
99
99
99

Inspections of the electrochemical parameter values given in Table. 4, reveal that, inhibition efficiency increases
with an increase of the concentration of inhibitor. The maximum inhibition efficiency observed at higher inhibitor
concentration indicates that more inhibitor molecules are adsorbed on the metal surface. These compounds are then
acting as adsorption inhibitors. We note that the corrosion current density were more significantly reduced in the
presence of SE NS. The best efficiencies obtained in the presence of SE NS is 99% at 2g/L.
1.3. Electrochemical impedance spectroscopy
EIS experiments were undertaken mainly, as an independent and complementary tool to determine corrosion rates in
a rapid and accurate way. Additionally, EIS allowed to gain insight into kinetics of electrochemical processes and
the inhibition mode which occur at the mild steel/1 M HCl interface modified by the presence of SE NS. Fig. 3
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shows impedance spectra as Nyquist plots that were obtained for mild steel in the absence and presence of different
concentrations of SE NS. Nyquist plots typically show a single depressed capacitive semicircle for the blank
solution and for the inhibitor-containing solutions, over the studied frequency range.
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Fig 3:Nyquist plot at different concentrations of SE NS in 1M HCl solution
Table 4: Impedance parameters for mild steel in 1M HCl in the absence and presence of different concentrations of SE NS
Concentration

Rt

fmax

Cdl

E

(g/l)
0.5
1
2
3
5

(Ω.cm2)
14.57
382
445
460
560
738

(Htz)
54.64
25.96
10.16
10.01
10.01
10.01

(µf/cm2)
200
35.23
34.58
28.42
21.55
16.06

(%)
-96.19
96.73
96.83
97.40
98.03

Inhibitor
1M HCl

Nigella Sativa L extract (SE NS)

From careful inspection of impedance parameters (Table 4), it was revealed that Rt values increased with the
extracts SE NS concentration while Cdl values decreased. An increase in charge transfer resistance values could be
ascribed to the molecular adsorption of organic moieties of the extracts at metal–acid interface, which effectively
blocked the movement of charges across the interface and hence corrosion inhibition acknowledged. This fact was
well documented by decrease in Cdl values, which could be further explained with the help of equation given below
[31]:
Cdl=(ε0ε/t).A

(8)

From Eq. (8) it is obvious that double layer capacitance varies directly with dielectric constant of locally formed
film ε, dielectric constant of free space ε0 and effective exposure area A, while changes inversely with thickness of
film formed at the interface t. Cdl values decreased with increase in inhibitor concentration, suggesting that either
thickness of protective layer increased, or local dielectric constant of film decreased, or both occurred
simultaneously.
The results obtained from the polarization technique in acidic solution were in good agreement with those obtained
from the electrochemical impedance spectroscopy (EIS) with a small variation.
The EIS data were analyzed by fitting to the equivalent circuit model shown in Fig. 4 which fits well with the
experimental results. The circuits comprise a solution resistance Rs, in series with the circuit. CPE is the constant
phase element. The Nyquist plots were not perfect semicircles as expected from the theory of EIS.
The Nyquist plots obtained in the real system represent a general behavior where the double layer on the interface of
metal/solution does not behave as a real capacitor.
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Fig.4.Electrochemical equivalent circuit used in fitting impedance data for metal-electrolyte interface of 1M HCl+inhibitor

CONCLUSION
From the results obtained, the following points were concluded:
Nigella Sativa L extract successfully retarded mild steel corrosion in HCl solutions, and the efficiency of
inhibition increases with increased inhibitor concentration.
Tafel polarization curves advocated that SE NS restricted mild steel corrosion via reducing mild steel dissolution,
which the impedance study suggested was occurred through molecular adsorption of organic moieties of the extracts
on steel surface.
Thus, it is clear from the study that Nigella Sativa L extract can be used as an effective solution of steel corrosion
in acid media.
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