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Abstract- The comparative study of the inhibition and adsorption properties of extract of 
Coriandrum Sativum seeds (CSE) as a new eco-friendly corrosion inhibition in 1.0 M 
hydrochloric and 0.5 M sulfuric solutions was investigated using several methods such as 
polarization curves, Bode plots, electrochemical impedance spectroscopy (EIS) and scanning 
electron microscopy (SEM). All results demonstrated that CSE suppressed the corrosion 
reaction in both acids medium (93.7% in 1.0 M HCl, 96.7% in 0.5 M H2SO4). Adsorption 
characteristics of the extract were approximated by various adsorption isotherm models 
(Langmuir, Freundlich and Temkin) and were in a good agreement with the Fourier 
Transformed Infrared spectroscopy (FTIR) results, they have shown that CSE contains 
Functional groups responsible of corrosion inhibition and other methods results.The 
inhibition mechanisms, estimated from the temperature dependence of inhibition efficiency 
as well from kinetic and activation parameters show that the extract functioned via mixed 
inhibition mechanism. It is suggested that molecular as well as protonated organic species in 
the extract contribute to the observed inhibiting action. 
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1. INTRODUCTION  

The unique mechanical properties combined with economic viability of mild steel has 
made it one of the most important constructional materials in industrial applications including 
petroleum production and refining, marine applications, chemical processing, construction, 
metal processing and other industries. However, it has the inconvenient of poor susceptibility 
towards corrosion in aggressive environments and needs to be protected [1-3]. 

Acid solutions are also widely used in the industry, the main areas of applications being 
stripping or cleaning and elimination of localized deposits (rust, bacterial deposits, etc...). The 
aggressiveness of these acid solutions leads to the use of essential corrosion inhibitors in 
order to limit the attack of the metallic materials [4].  

Historically, synthetic inhibitors had great use in the industries due to their excellent anti-
corrosive proprieties. However, many of them cause damages to environment. 

The study of organic corrosion inhibition is an alternative field of research due to its 
usefulness in several industries. Organic heterocyclic compounds contain heteroatoms such 
as oxygen, nitrogen, sulphur and phosphorous. In addition, they also contain double bonds, 
triple bonds and aromatic rings. All these enhance the adsorption process and result in the 
formation of effective coating on the surface of the metal. This coating forms a barrier 
between metal and the corrosive environment and protects the metal from undergoing 
corrosion. Various classes of organic inhibitors are successfully used as corrosion inhibitors 
till date [5].  

The exploration of natural extracts of plant origin as corrosion inhibitors is an essential 
field of research. In addition to being environmentally friendly and ecologically acceptable, 
plant products are cheap and renewable sources corrosion inhibitors. Therefore, the uses of 
plant extracts as corrosion inhibitors are due to their economic and environmental benefits. 
Many plant extracts have been used as effective corrosion inhibitors of mild steel in both 
acidic and alkaline medium [6], such as UAES crophularia Arguta [7], Aloe vera [8], 
Phyllanthusamarus [9], Chamaeropshumilis [10], Gossipiumhirsutum L. [11], and Cinnamon 
[12]. 

Indeed, these natural extracts usually contain many families of natural organic 
compounds (flavonoids, alkaloids, tannins...) "ecological", easily available, biodegradable 
and renewable [4].  

Coriandrum Sativum L. known as Coriander is an annual herb in the family of Apiaceae. 
Seeds are most traditionally used in cooking. Also, it is a rich source of antioxidant and has 
lots of medicinal applications. It contains several biodegradable ecologically acceptable 
organic compounds [1].  
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The aim of the present work is the investigation of Moroccan Coriandrum Sativum L. 
seeds extracts (CSE) as a novel green inhibitor for corrosion control of mild steel in 1.0M 
hydrochloric and 0.5M sulfuric acid solutions. In fact CSE contains oxygen atoms and 
functional groups attached to aromatic ring, which are commonly found in corrosion 
inhibitors according to the characterization results by Fourier Transformed Infrared 
spectroscopy (FTIR). It is in this context that an electrochemical study has been realised 
using several spectroscopic and electrochemical techniques such as Tafelpolarization curves, 
electrochemical impedance spectroscopy (EIS), Bode plots and scanning electron microscopy 
(SEM). The modelling of the isotherms and the thermodynamic study of adsorption was 
explored in order to evaluate and define the adsorption process type. 
 

2. MATERIAL AND METHODS 

2.1. Specimen preparation 

Corrosion experiments were performed on mild steel specimen with weight percentage of 
each chemical compound as follows in Table 1.  

 
Table 1. Weight and chemical composition of studied mild steel 

 
Element Fe Mn Si Cu Cr C Ni W Al Mo V Co 

Weight 
(%) 

98.7 0.47 0.24 0.14 0.12 0.11 0.10 0.06 0.03 0.02 <0.003 0.0012 

 
Samples were mechanically cut to coupons of dimension 1×1 cm, then polished using 

different grades (from 180 to 2000 grade) emery papers before each test, cleaned by distilled 
water and acetone, degreased in ethanol and dried with hot air. 
 

 
 

Fig. 1. Coriandrum Sativum seeds 
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2.2. Material 

Coriandrum Sativum seeds were washed to remove impurities such as sand and dust; they 
were dried at 50 °C to prevent a possible alteration of the physical and chemical properties of 
the material. Then, they were ground to powder; dissolved in distilled water and filtrated. The 
filtrate has been dried in the laboratory oven then kept as the stock material.  

Working solutions (1.0 M HCl and 0.5 M H2SO4) were prepared from the stock 
commercial solutions of hydrochloric acid (37%) and sulfuric acid (95%-97%) by dilution 
with double distilled water. 
 

2.3. Fourier transforms infrared spectroscopy (FT-IR) 

The characterization of material by FT-IR spectroscopy has been carried out at the Center 
Pharmaceutical Institute in RABAT using a Perkin Elmer Spectrum apparatus version 
10.03.07 ATR with the spectral resolution 4.0 cm-1. The pellet was run from an intimate 
mixture of sample (1 mg) and potassium bromide (100 mg) under a pressure of 4.5 108 Pa. 
 

2.4. Electrochemical measurements 

Electrochemical experiments has been performed using a Potentiostat Radiometer 
Analytical type PGZ 100 to positive direction using Volta Master 4softwarewhich was 
controlled by a personal computer coupled with a electrochemical cell containing three-
electrode cellin the form of a cylinder of borosilicate glass (Pyrex®) closed by a plug with  
three electrodes: saturated calomel electrode (SCE), platinum as counter electrode and mild 
steel samples as working electrode which was cut from a mild steel rod with a cross-sectional 
area of one cm2 and embedded in a Teflon holder. Then it was immersed in tests solutions of 
1.0 M HCl and 0.5 M H2SO4 without and with 100 ppm, 400 ppm, 700 ppm and 1000 ppm of 
the inhibitor at 25 °C, the open circuit potential was measured after attaining a steady state. 
 

2.4.1. Potentiodynamic polarization measurements 

The device used for the potentiodynamic polarization studies Consists of the electrolysis 
cell. All potentials were measured with respect to SCE. The cell is connected to the 
potentiometer / Galvanostat, at a scan rate of 1 mV/s after 20 min of immersion time until 
reaching the steady state. The test solution was thermostat to 25±2 °C in the unburned air 
atmosphere. In order to determine the polarization curves, different potentials are applied to 
the working electrode by a counter-electrode, by means of a scanning protocol imposing the 
increment. The stationary current which is established after the time of study in the electrical 
circuit between the working electrode and the counter electrode is measured. However, the 
overall current density, i, is considered as the sum of two contributions, anodic and cathodic 
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current ia and ic, respectively. For the potential domain not too far from the open circuit, we 
can consider that both processes obey the Tafel law, so we can draw: 

𝑖𝑖 = 𝑖𝑖𝑎𝑎 + 𝑖𝑖𝑏𝑏 = 𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 × {𝑒𝑒𝑒𝑒𝑒𝑒[𝑏𝑏𝑎𝑎 × (𝐸𝐸 − 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)]− 𝑒𝑒𝑒𝑒𝑒𝑒[𝑏𝑏𝑐𝑐 × (𝐸𝐸 − 𝐸𝐸𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)]}                          (1) 

Where icorr is the corrosion current density (A cm-2), and ba and bc are respectively the 
Tafel constant of anodic and cathodic reactions (V-1). These constants are related to the Tafel 
slope β (V dec-1) in usual logarithmic scale by:  

𝛽𝛽 = ln (10)
𝑏𝑏

= 2.303
𝑏𝑏

                                                                                                                    (2) 

The electrochemical parameters, namely the corrosion current density Icorr, the 
extrapolated Tafel slopes anodic βa and cathodic βc, the polarization resistance Rp. The 
inhibition efficiency (Einh %) are calculated using Eq. 3: 

𝜼𝜼pp % =  𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰− 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰(𝒊𝒊𝒊𝒊𝒊𝒊)  
𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰

× 100                                                                                          (3) 

Where Icorr and Icorr(inh) are referred to as the corrosion current density without and with 
the addition of inhibitor, respectively. 
  

2.4.2. Electrochemical impedance spectroscopy 

EIS measurements performed at corrosion potentials, Ecorr, over a frequency range of 100 
kHz to 100 MHz with an AC signal amplitude perturbation of 10 mV peak to peak. The 
inhibition efficiency (Einh %), are calculated using Eq. 4: 

𝜼𝜼EIS% =  𝑹𝑹𝑰𝑰𝑹𝑹(𝒊𝒊𝒊𝒊𝒊𝒊) − 𝑹𝑹𝑰𝑰𝑹𝑹 
𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰

× 100                                                                                                 (4) 

Where Rct and Rct (inh) are the charge transfer resistance without and with the addition of 
the inhibitor, respectively. 

All experiments were repeated three times in order to ensure reproducibility. The 
estimated error did not exceed 10%. 
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Fig. 2. Infrared spectrum of coriander seeds extracts 

 
Table 2. FT-IR peaks of CSE 

 
Peaks from FT-IR spectra(cm-1) Possible functional groups 

3302.5 O-H stretch 
2923.05 C-H asymmetric stretch 
2853.58 C-H symmetric stretch 
1744.81 C=O stretch 
1144.5 C-C  aliphatic 

1028.75 C-O stretch 

 

3. RESULTS AND DISCUSSION 

3.1. FTIR results of CSE analysis 

The important IR absorption bands of inhibitors are in Fig. 2 and their respective FT-IR 
peaks are in Table 2. These results showed that the inhibitors containing functional groups 
with oxygen atoms and other attached to aromatic ring, which are commonly gathered in 
corrosion inhibitors [13]. 

 

3.2. Effects of concentration of CSE on inhibition efficiency and corrosion rate. 

3.2.1. Open circuit potential 

Fig. 3 presents the open circuit potential (OCP) versus time at different concentration of 
inhibitor. It is noted that the potential for blank solution stays stable with time. This 
phenomenon characterizes the corrosion of mild steel with a formation of corrosion products.  
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Fig. 3. Evolution of open circuit potential (OCP) versus time for mild steel in (a) 1.0 M HCl 
(b) 0.5 M H2SO4 with different concentrations of CSE at 298 K 
 

So, in the presence of CSE, the potential shift in the anodic direction and stays quickly 
stable with time in 0.5 M H2SO4 medium, but in the case of 1.0 M HCl, the potential shift in 
the cathodic direction. 
 

3.2.2. Potentiodynamic polarization  

The Tafel polarization curves for mild steel in 1.0 M HCl and 0.5 M H2SO4 solution 
without and with different concentrations (100ppm, 400 ppm, 700 ppm and 1000 ppm) of 
CSE at 25℃ are shown in Fig. 4.  

 

 
 
Fig. 4. Tafel polarization curves for mild Steel in (a) 1.0 M HCl; (b) 0.5 M H2SO4 with 
different concentrations of CSE at 298 K 
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The electrochemical parameters: anodic Tafel constant (βa), cathodic Tafel constant (βc), 
corrosion potential (Ecorr), corrosion current density (Icorr), and the corresponding inhibition 
efficiencies𝜂𝜂ppare illustrated in Table 3. 
 
Table 3. Electrochemical parameters for Mild Steel in 1.0 M HCl and 0.5 M H2SO4 with 
different concentrations of CSE at 298 K 
 

Inhibitor 
CSE in 

Concentration 
(mg/L) 

Ecorr(mV/ECS) Icorr(µA/cm²) βc mv βa mv 𝜼𝜼pp% 

 
 
1.0M 
HCl 

0 -498 983 -92 104 - 
100 -500 170 -80 95 82.7 
400 -540 110 -116 87 88.8 
700 -494 65 -94 80 93.4 
1000 -509 62 -96 77 93.7 

 
 
0.5M 
H2SO4 

0 -451 1850 -99 121 - 
100 -418 652 -108 61 64.7 
400 -438 100 -79 33 94.6 
700 -429 67 -107 37 96.4 
1000 -432 61 -104 40 96.7 

 
Fig. 4 and table 3 showed affected of both anodic and cathodic reactions in the presence 

of various concentrations of the inhibitor CSE, the cathodic appeared to be more pronounced 
and the corrosion current densities of the additives decreased significantly compared to the 
blank. The significant change of Tafel slopes of the anodic (βa) and cathodic (βc) in the 
presence of CSE can be observed as result of adsorption the molecules of inhibitor. The 
corrosion process decrease can be explained by both metallic dissolution and hydrogen 
evolution at the metal surface due to the adsorption of organic compounds (heteroatoms such 
as oxygen, sulfur, phosphorus and nitrogen) [14-16] found in CSE at the mild steel surface. 
Those aromatic rings or multiple bonds, found in organic compound acted as mixed type 
inhibitor, and the inhibition is due to geometric blocking mechanism. 

The result obtained in 1.0 M HCl solution containing 1000 ppm of CSE at 25 ℃ indicate 
the decrease of the corrosion current density of mild steel from 983 µA/cm² to 62 µA/cm² and 
the increase of corrosion inhibition efficiency to 93.7%, similar results have been obtained in 
0.5 H2SO4 which we observed that the corrosion current density of mild steel decrease from 
1850 µA/cm² to 61 µA/cm² with an efficiency of corrosion inhibition 96.7%  and this 
behaviour can be explained by the good coverage of the metal surface by CSE molecules that 
block the active sites on the metal surface[17-19]. 

From all these results, it is clear that the CSE extract have a good inhibitor behaviour for 
mild steel corrosion in both acidic medium 1.0 M HCl and 0.5 M H2SO4.  
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3.2.3. Impedance spectroscopy (EIS)  

The effect of coriander seeds extracts concentration effectuated by Nyquist plots for mild 
steel in 1.0 M HCl and 0.5 M H2SO4 at 298 K was shown in Fig. 5. 

 

Fig. 5. Impedance diagrams for Mild Steel in (a) 1.0 M HCl and (b) 0.5 M H2SO4 with 
different concentrations of CSE at 25 ºC 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig. 6. Nyquist and Bode plot for mild steel in 1M HCl with and without 1000 ppm of CSE at 
298 K 
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The Nyquist and Bode plots of both experimental and simulated data of mild steel in 1.0 
M HCl solution without and with 1000 ppm of CSE are shown in Fig. 6. 

The Nyquist and Bode plots of both experimental and simulated data of mild steel in 0.5 
M H2SO4 solution without and with 1000 ppm of CSE are shown in Fig. 7. 

Based on the findings of Nyquist and bode plots, two electrical equivalent circuits, which 
is given in Fig.8 was used to model the mild steel/solution interface. It is clear that the 
impedance plots are in accordance with those calculated by the used equivalent circuit model. 
Most of the impedance curves obtained for the corrosion of mild steel in 1.0 M HCl and 0.5 
M H2SO4 solutions with the inhibitor consist of two capacitive loops, with their centres at the 
real axis and their diameters increase with the increase of the inhibitor concentration, which 
indicates that the surface covered by CSE increases with the increase of CSE concentration. 
The presence of two capacitive loops may be attributed to the relaxation process obtained by 
adsorption species like Cl-

ads, SO4
2-

adsand H+
ads on the electrode surface [20,21]. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Nyquist and Bode plot for mild steel in 0.5 M H2SO4 with and without 100 ppm of 
CSE at 298 K 
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In other words, the inductive behaviour at low frequency is probably due to the adsorption of 
the products of the corrosion on the electrode, all parameters were obtained from the high 
capacitive loops. This is manifested in the increase in Rct values and with a simultaneous 
decrease in the values of Cdl (Table 4). The increase in double layer thickness resulted in the 
decrease in Cdl that will lead to decrease in dielectric constant as a result of displacing the 
adsorbed water molecules and adsorption of extract (organic matter) on to the surface of the 
mild steel [22,23]. 
 
 

 
 
Fig. 8. Electrical equivalent circuits used for modeling the interface of mild steel /(a) 1M HCl 
and / (b) 0.5 M H2SO4 
 
 
Table 4. Impedance parameters for Mild Steel in 1.0 M HCl and 0.5 M H2SO4 with different 
concentrations of CSE at 25 ºC 
 

Medium Concentration 
(ppm) 

Rct  (Ω.cm²) Cdl(µF/cm²) 𝜼𝜼EIS% 

 
 
1.0 M HCl 

0 35 298 - 
100 185 140 81.1 
400 298 100 88.2 
700 452 55 92.2 
1000 457 50 92.3 

 
 
0.5M H2SO4 

0 11.7 10480 - 
100 32.6 123 64 
400 199 118 94 
700 312 91 96.2 
1000 328 75 96.4 

 
 
 
 
 
 
 
 

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

Anal. Bioanal. Electrochem., Vol. 10, No. 2, 2018, 249-268                                                 260 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Tafel polarization curves for mild Steel in 1.0 M HCl in absence(a) and presence of 
CSE(b) and 0.5 M H2SO4 in absence(c) and presence of CSE(d) with different temperatures 
 

Following both the polarization and EIS studies, it was observed that inhibition efficiency 
increased with the increase in the concentration of CSE (Tables 3 and 4) reaching the 
maximum values of 85.62% and 83.05% at 60% CSE extract in 1.0 M HCl and 0.5 M H2SO4, 
respectively, due to the increase of the adsorption of inhibitor molecules at the active sites on 
the mild steel surface under such condition. The efficiency of CSE was good compared to the 
previous studies investigated by other materials. 

 
3.3. Effect of temperature on inhibition efficiency and corrosion rate 

Fig. 9 represents the polarization curves of mild steel in the presence of 1000 ppm of 
coriander seeds extracts at different temperatures (298, 308, 318 and 328K) in the acidic 
medium 1.0 M HCl and 0.5 M H2SO4 
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Table 5. Electrochemical parameters for Mild Steel in 1.0 M HCl and 0.5 M H2SO4 with 
different temperatures 
 
 
 
 
 
 
1.0 M 
HCl  

 
 
Blank 

T(k) Ecorr 
(mV/ECS) 

Icorr 
(µA/cm²) 

βc (mv) βa (mv) ηEIS% 

298 -498 983 -92 104 - 
308 -491 1200 -184 112 - 
318 -475 1450 -171 124 - 
328 -465 2200 -161 118 - 

 
 
Inhibitor 

298 -509 62 -96 77 93.7 
308 -514 92 -88 82 92.3 
318 -523 160 -69 96 89 
328 -510 280 -60 100 87.3 

 
 
 
 
 
0.5 M 
H2SO4 

Blank 

298 -451 1850 -87 124 - 
308 -453 2250 -92 114 - 
318 -449 2480 -96 102 - 
328 -442 3340 -102 97 - 

Inhibitor 

298 -432 61 -104 40 96.7 
308 -423 120 -99 150 94.6 
318 -425 168 -86 134 93.2 
328 -427 282 -132 97 91.5 

 

The values of the corrosion potential (Ecorr), the corrosion current density (Icorr), the βc 
and anodic βa cathode slopes and the inhibition efficiency (ηEIS) are shown in Table 5. The 
inhibition efficiency decreased with the increase of temperature from 93.7% to 87.3% in the 
1.0 M hydrochloric medium and from 96.7% to 91.5% for the 0.5 M sulfuric medium. 

 

3.4. Thermodynamic study 

The thermodynamic study makes it possible to quantify the inhibition efficiency against 
corrosion and facilitates the calculation of the thermodynamic parameters and the activation 
energy in order to determine and interpret the type of adsorption adopted by the inhibitor. 
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Fig. 10. Arrhenius curves corresponding to the corrosion of mild steel in 1.0 M HCl (a, b) 
and 0.5 M H2SO4(c, d) in absence and presence of CSE 
 

The Arrhenius curves are plotted by calculating the logarithm of the corrosion rates 
(LnIcorr) with respect to the absolute temperature (1/T) for the acidic medium 1.0 M HCl and 
0.5 M H2SO4 (Fig. 10) Arrhenius equation (5)[24]:  

𝒍𝒍𝒊𝒊 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 = −  𝑬𝑬𝒂𝒂
𝑹𝑹𝑻𝑻

+ 𝒍𝒍𝒊𝒊 𝑨𝑨                                                                                                        (5) 

Where A is the pre-exponential constant of Arrhenius, R is the universal gas constant, Ea 

is the apparent activation energy, and T is the absolute temperature. 
From the (Table 6), Ea increases with the addition of CSE over the control solutions. The 

change in corrosion rate with temperature increase was studied in 1.0 M HCl and 0.5 M 
H2SO4 media in the absence and presence of 1000ppm of the inhibitor. Table 6 contains the 
different data obtained from the curves and equation (3). 

The increase in corrosion rate is more shown with the increase for both acid solutions in 
the absence of CSE. After the addition of CSE, the corrosion rate decreases rapidly. 
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The standard enthalpy of adsorption (ΔHa) can be calculated using the equation of Van't 
Hoff's isobar (6):  

𝒅𝒅𝒍𝒍𝒊𝒊 𝑲𝑲𝒂𝒂
𝒅𝒅𝑻𝑻

= 𝜟𝜟𝑯𝑯𝒂𝒂
𝑹𝑹𝑻𝑻𝟐𝟐

                                                                                                                                                                                          (6) 

The entropy values (ΔSa) are derived from the Gibbs-Helmholtz relation (7): 

ΔGa= ΔHa – TΔSa                                                                                                                   (7) 

The free energy of adsorption (ΔGa) can be given by equation (8):  

ΔGa= - RT ln Ka Cs                                                                                                                 (8) 

R:the universal gas constant=8.314 J K-1 mol-1. 
T: the ambient temperature is 298 ° K. 
Cs: the concentration of water=1 M. 

The values of the adsorption energies (ΔGa, ΔHa and ΔSa) are grouped in the table 6. 
From the results, it is noted that the value of the enthalpyΔHa calculated from equation (4) is 
38.5 kJ/mol in the 1.0 M HCl medium and 37.5 kJ/mol in 0.5 M H2SO4 medium, which 
shows the endothermic nature of the adsorption on the surface of the mild steel. This 
confirms the previous result (the molecules of this extract are the molecules of this extract are 
physically adsorbed on the surface of this metal), it can also be explained by the decrease in 
the inhibition efficiency by increasing the temperature and consequently an increase in the 
standard energy of adsorption. 

 
Table 6. Activation parameters for mildsteel in HCl1.0 M and H2SO4 0.5 M 

 
Medium Concentrations Ea KJ/mol ΔHa KJ/mol ΔSaKJ/mol 

 
HCl 1.0 M 

Blank 21 18.5 -126 
1000 ppm 41 38.5 -82 

H2SO4 0.5 
M 

Blank 15 12.5 -140.5 
1000 ppm 40.12 37.5 -84.4 

 
The entropy value increased from -126 to -82 kJ/mol in 1.0 M HCl medium and from -

140.5 to -84.4 kJ/mol in 0.5 M H2SO4 medium, with 1000 ppm of the inhibitor. This can be 
attributed by the increase in the degree of disorder before the adsorption of the extract on the 
steel [25,26]. On the other hand, when the molecules are adsorbed on the surface of the 
substrate, there will be a decrease in the disorder after a decrease in the entropy [27,28]. 
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3.5. Adsorption Isotherms  

The mode and extent of the interaction between the inhibitor and the mild steel surfaces 
were investigated by applying adsorption isotherms. The Langmuir, Freundlich, and Temkin 
approach were used to determine the adsorption mechanisms of the inhibition reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 11. Langmuir (a); Temkin (b) and Freundlich (c) isotherms for the adsorption of CSE 
extract on the surface of the mild steel respectively in 1.0 M HCl and0.5 M H2SO4 
 

The isotherms were best described by the adsorption behavior of the CSE extracts on the 
surface of mild steel. Langmuir adsorption isotherm can be expressed according to Eq. 9 [29]:  

𝜽𝜽 =  𝐊𝐊𝐚𝐚𝐚𝐚𝐚𝐚 𝐂𝐂𝐢𝐢𝐢𝐢𝐢𝐢
𝟏𝟏+𝐊𝐊𝐚𝐚𝐚𝐚𝐚𝐚 𝐂𝐂𝐢𝐢𝐢𝐢𝐢𝐢

                                                                                                                       (9) 

Where Cinh is the inhibitor concentration, Kads is the adsorption equilibrium constant. 
Rearranging this Eq. 7 gives Eq. 10: 
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𝐂𝐂𝐢𝐢𝐢𝐢𝐢𝐢
𝛉𝛉

=  𝟏𝟏
𝐊𝐊𝐚𝐚𝐚𝐚𝐚𝐚

+ 𝑲𝑲𝒂𝒂𝒅𝒅𝒔𝒔                                                                                                                                                                                                 (10) 

The linear variation of Cinh/θ vs. Cinh of the CSE in 1.0 M HCl and in 0.5 M H2SO4 
solutions showed that the adsorption is well fitted by the Langmuir. 
The equation 11 of the Freundlich isotherm is:  

𝒍𝒍𝒊𝒊𝜽𝜽=𝒍𝒍𝒊𝒊𝑲𝑲𝒂𝒂𝒅𝒅𝒔𝒔+
𝟏𝟏
𝒊𝒊
𝒍𝒍𝒊𝒊𝑪𝑪𝒊𝒊𝒊𝒊𝒊𝒊                                                                                                            (11) 

Kads and n are constants for given adsorbate and adsorbing at a particular temperature. 
According the Temkin model, the free adsorption energy of the adsorbate is a linear 

function of the overlapping rate θ and the chemical rate constants are a function of θ. There is 
attraction or repulsion between species adsorbed on the surface. The equation 12 of the 
Temkin isotherm is: 

𝜽𝜽 = 𝟏𝟏
𝒇𝒇
𝒍𝒍𝒊𝒊𝑲𝑲𝒂𝒂𝒅𝒅𝒔𝒔 +  𝟏𝟏

𝒇𝒇
𝒍𝒍𝒊𝒊Cinh                                                                                                   (12) 

f denotes the adsorbent-adsorbate interaction. 
Cinh is the inhibitor concentration in the electrolyte. 
 

The degree of surface coverage (θ) can readily be calculated from Equations (8) to (9). 
That degree is numerically identical to the value of percentage inhibition efficiency. Where C 
is the concentration of the inhibitor and Kads represents the adsorption equilibrium constant. 
The plots of C/θversus C yield a straight line proving that experimental results are in good 
agreement with the three adsorption isotherms (Fig.11). From table 7, the increasing value of 
Kads in the case of 1.0 M HCl medium reflects the increasing adsorption capability, due to 
structural formation, on the metal surface [30]. 

The study of the adsorption isotherms Langmuir, Freundlich and Temkin of CSE in the 
acidic medium 1.0 M HCl and 0.5 M H2SO4 shows that the adsorption obey all of the studied 
isotherms [31]. 

 
Table 7. Isotherms parameters of adsorption of CSE by mild steel 

 
Adsorption 
isotherms 

Medium R2 Slope Kads 

Langmuir 1.0 M HCl  0.99984 1.098 0.048 

H2SO4 0.5M 0.99949 0.894 0.018 
Freundlich HCl 1.0 M 0.98944 0.051 0.635 

H2SO4 0.5M 0.94456 0.274 0.288 
Temkin HCl 1.0 M 0.98824 0.044 0.182 

H2SO4 0.5M 0.94769 0.216 24573.17 
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On the basis of characterization of CSE, we postulate that the major constituents act 
together by adsorption to ensure inhibition. Then, the inhibition is regarded as intermolecular 
synergistic effect of various compounds of the extract. It is adequately recommended to not 
determine ΔGads values since the mechanism of adsorption remains unknown [32]. 
 

3.6. Scanning electron microscopy (SEM) 

SEM microphotographs of the surface of the mild steel coupons after in 1.0 M HCl 
solution and in 0.5 M H2SO4 in the absence and presence of CSE are revealed in Figs 12 and 
13. The microphotographs of mild steel surface in the absence of inhibitor are given in Fig. 
12.a and fig.13.a represent the polished metal sample; the whole surface is a plane. Fig. 12.b 
and fig .13.b represent the inhibited samples immersed for 12 h in 1.0 M HCl and 0.5 M 
H2SO4 containing optimum concentration of the inhibitor. These figures confirm the 
formation of a protective film by CSE on the mild steel surface in both acid solutions [33]. 
 

    
 
Fig. 12. SEM microphotographs of mild steel in 1.0 M HCl without (a) and with (b) CSE 
after 12 h of immersion 
   

    
 
 
 
 
 
 
 
 
Fig. 13. SEM microphotographs of mild steel in 0.5 M H2SO4 without (a) and with (b) CSE 
after 12 h of immersion 
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4. CONCLUSION 
To sum up, the spectroscopic, electrochemical and thermodynamic results corresponding 

to mechanisms of coriander seeds extracts CSE as a corrosion inhibitor for mild steel in 
acidic medium 1.0 M HCl and 0.5 M H2SO4 can be explained as that the inhibitor contains 
the functional groups containing oxygen O and other aromatic components, which explains 
the effect Inhibitor of these extracts. The extracts of CSE act on the cathode and anode 
kinetics. They are therefore mixed inhibitors. Also, the inhibition efficiency increases with 
the increase of concentration with a maximum efficiency at a concentration of 1000 ppm at 
25°C for both mediums. Furthermore, the study as a function of the temperature showed that 
the inhibitory efficiency decreases with the increase of the temperature and that the 
adsorption of the extracts is done by physical adsorption. The thermodynamic data calculated 
for the extracts of coriander grains confirm the physical adsorption of these extracts on the 
metal surface for the two acid media 1.0 M  HCl and 0.5 M H2SO4. Moreover, the study of 
the adsorption isotherms Langmuir, Freundlich and Temkin of CSE in the acidic medium1.0 
M HCl and 0.5 M H2SO4 shows that the adsorption obey all of the studied isotherms. 
Finally, SEM method confirmed all previous results and showed that the corrosion of mild 
steel in 1.0 M HCl and 0.5 M H2SO4 could be inhibited by CSE. 
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