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Abstract- The extracts of Thapsia garganica (Apiaceae) were used as green corrosion 
inhibitors to protect A 106 Gr B carbon steel against 1 M HCl solution. The inhibition effect 
of extracts methanolic (extract I) and ethyl acetate (extract II), were examined on carbon steel 
A 106 Gr B in hydrochloric acid with potentiodynamic polarization and electrochemical 
impedance spectroscopic technical. These measurements were made in an environment 
contains HCl alone and HCl plus the addition of different concentrations of the inhibitor (5; 
10; 20; 30; 40 ppm), after 30 min of immersion, and taken at a temperature of (298±1) K. The 
inhibition efficiency of 96% was achieved with the addition of 40 ppm of me thanolic extract 
and 95% with ethyl acetate extract in 298 K. The extracts behaves are a mixed type corrosion 
inhibitors and is spontaneously adsorbed on the steel surface. Physisorption of two extracts is 
best described by the Langmuir adsorption model. Mechanism of inhibition was also 
investigated by calculating the thermodynamic and activation parameters like (∆G), (Ea), 
(∆Ha) and (∆Sa).  The originality of this work is the discovery of another safe, eco-friendly 
and non-toxic inhibitor from natural plants. 
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1. INTRODUCTION  

Corrosion is a phenomenon that affects all metals; it results from physicochemical 
interaction between materials and its environment, entailing changes in their properties, led to 
significant economic losses. The corrosion problem is very common in the oil and gas 
industry. Thus, it is essential to maintain strategies to manage the risk of this phenomenon 
[1]. An important method of protecting metals against deterioration due to corrosion is by 
using inhibitors, but the most of these inhibitors are toxic to the environment. For this reason, 
the natural products which are biodegradable and free of heavy metals and other toxic 
compounds are highly required as corrosion inhibitors [2]. Several investigations have been 
reported using safe and economic plant extracts for corrosion inhibition of different metals 
[3]. Recently, due to increasing environmental awareness and the need to develop 
environmentally friendly processes, attention has been focused on the corrosion inhibiting 
properties of natural products of plant origin. This area of research is of much importance 
because in addition to being environmentally friendly and ecologically acceptable, plant 
products are inexpensive, readily available and renewable sources of materials [4] Among the 
ecofriendly inhibitors, naturally occurring plant products find a prominent place. Wide ranges 
of plant extracts obtained from herbs were successfully reported as corrosion inhibitors for 
metals in acidic media [5]. In the present investigation, an attempt has been made to study the 
inhibitory action of Thapsia garganica (Apiaceae) towards A 106 Gr B carbon steel in 1 M 
hydrochloric acid solutions. These extracts methanolic (extract I), and ethyl acetate (extract 
II) were examined by polarization measurements, electrochemical impedance spectroscopy, 
for performing their inhibition efficiency. 
 

2. EXPERIMENTAL 

2.1. Electrodes and solutions 

The material used for corrosion tests in this work is A106 Gr B carbon steel according to 
ASTM standard. The sample is taken from a pipe located at the polyethylene unit in the 
petrochemical inside the Skikda petrochemical plant (CP2K) from Algeria. The nominal 
chemical composition (for hundred in weights) is intended for Table 1 [6].  

Table 1. Chemical composition of A 106 Gr B carbon steel 
 
Elements C Si Mn P S Cr Mo Ni Cu Al V 

%  
Weight 

0.27 0.26 0.86 0.013 0.022 0.12 0.04 0.15 0.21 0.044 0.001 

 
The results of former characterization showed that A106 Gr B carbon steel is composed 

of two phases, ferrite and of perlite [7,8]. The specimen is a square of 1 cm2 from the usable 
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surface. It is bonded to a conductive wire and coated in a resin chemically thermosetting and 
inert. Coating is carried out in a plastic mould and exposed to the ambient air during 24 h to 
allow the solidification of the resin. In order to get reliable and reproducible results. These 
samples were polished mechanically by using different grades of emery paper (220, 600, 
1000, 2000, and 2500) and then further sonicated with acetone and alcohol for 15 min to   
remove all   polishing debris. The aggressive solutions are prepared by the dilution of 
analytical grade 35-37% HCl with distilled water. 
 
2.2. Inhibitors 

Thapsia garganica. (Apiaceae) is an umbelliferous plant growing in the Mediterranean 
area. Advantage of the skin irritating effects of the plant has been taken in traditional Arabian 
medicine for millennia [9,10], and the resin of the root was last included in the 1937 edition 
of the French Pharmacopoeia. In addition, this green plant contain, condensed tannins, 
anthocyanins, flavonoids, total phenolic, among others compounds. These components 
comprise rich structures in N, S, O and aromatic ring as shown in Figure 1 [11], all of which 
justified the choice of Thapsia garganica [12]. 
 

 
Fig. 1. The basic structure of Thapsigargin 

 
Extracts make the investigation of their inhibiting properties significant in the current 

wave of finding suitable inhibitors which are eco-friendly, biodegradable, easily available 
and less expensive [13]. 

The leaves of Thapsia garganica were collected from Gualma region, located at the north–
east of Algeria in March 2016. The extraction procedure was carried out according to the 
work of [12]. 

Methanolic fraction (extract I): The leaves of Thapsia garganica (1 g) were broken into 
small pieces and macerated in methanol (20 ml) at room temperature for 48 h. The extract 
was then separated from the residue by filtration through Whatman 0.45 μm filter paper. The 
solvent was evaporated under vacuum at 60 °C. The residue was weighed and dissolved in 
methanol (3 ml) for further analysis. Eventually, solutions were stored at -20 °C. The 
remaining aqueous solution was fractionated with ethyl acetate (extract II) [12].  
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All leaves extracts were separately stored in clean bottles and were used as inhibitors in 
electrochemical experiments. 
 
2.3. Electrochemical experiments 

Electrochemical measurements, including potentiodynamic polarization curves and 
electrochemical impedance spectroscopy (EIS) were carried out using the Voltalab 40 
apparatus, provided with the unit Potentiostat (PGZ 301) equipped by a computer, which 
allows the acquisition of the data. These latter are treated and recorded automatically, due to 
the “VoltaMaster 4” software. The results were carried out in a cell with three electrodes, the 
working electrode which carries the sample of studied metal, a platinum wire as the counter 
electrode and a saturated calomel electrode (SCE) as the reference electrode. 

After attaining the steady state, anodic and cathodic polarization studies were conducted 
using Electrochemical Analyzer, in the absence and presence of 5, 10, 20, 30, 40 ppm for two 
extracts, in 1 M HCl at a temperature of (298±1) K. Electrochemical corrosion tests were 
performed on electrodes cut from the carbon steel. The carbon steel specimen was cut into 
coupons of dimensions 1 cm2, mounted on copper wire by epoxy resin leaving one surface of 
area 1 cm2 exposed. The exposed surface was also cleaned as described above. 
Electrochemical cell was a conventional three-electrode glass cell of capacity 500 ml. 
Electrochemical impedance spectroscopy (EIS) tests were performed at the end of 30 min 
immersion. Measurements were made at corrosion potential (Ecorr) over a frequency range of 
100 kHz–100 mHz, with a signal amplitude perturbation of 5 mV. The data were interpreted 
with Zview software. The polarization study was from cathodic potential of –1200 mV to 
anodic potential of +200 mV with respect to the corrosion potential at a sweep rate of 10 
mV/min. The linear Tafel segments of the anodic and cathodic curves were extrapolated to 
corrosion potential to obtain the corrosion current densities (Icorr). Electrochemical impedance 
spectroscopy (EIS) is a well-established and powerful tool in the study of corrosion. Surface 
properties, electrode kinetics and mechanistic information can be obtained from the 
impedance diagrams [14]. 
 

3. RESULTS AND DISCUSSION  

3.1. Potentiodynamic polarization curves 

Potentiodynamic polarization curves were measured for A106 Gr B carbon steel in the 
environment 1 M HCl only and containing various concentrations of extract (I)  and extract 
(II), these measures were taken at a temperature of (298±1) K, the Figure 2 represent the 
Tafel curves obtained in these environments, the corrosion potential (Ecoor), corrosion current 
densities (Icoor), the kinetics parameters of corrosion (βa, βc derived by Extrapolation of the 
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anodic and cathodic slopes of Tafel) and the inhibiting effectiveness (η%) obtained starting 
from the  equation 1: 

(η%) = 𝐼𝐼𝑂𝑂−𝐼𝐼𝑖𝑖𝑖𝑖𝑖𝑖
𝐼𝐼𝑂𝑂

 × 100                                                                                                            (1) 

where I0 and Iinb are uninhibited and inhibited corrosion current densities, respectively. These 
parameters are enumerated in Table 2. 

The presence of extract (I) and extract (II) caused a prominent decrease in the corrosion 
rate, i.e. shifts both anodic and cathodic curves to lower values of current densities. It is clear 
from Figure 2 that both the anodic metal dissolution and cathodic hydrogen evolution partial 
reactions were inhibited after the addition of Thapsia garganica extracts to the aggressive 
medium. These results indicate that extracts acts as a mixed-type corrosion inhibitors [15]. 
The values of the anodic and cathodic Tafel slopes (βa and βc), and corrosion potential (Ecorr) 
is slight variation indicating that the inhibiting effect of two extracts on the surface of A 106 
Gr B due to blocking adsorption mechanism [16,17]. 

It can be observed according to the Table 2, that the values of corrosion current density 
(Icorr) gradually decreased with concomitant increase in the concentration of the Thapsia 
garganica extracts up to 40 ppm from 0.8613 to 0.3237 and 0.4395 mA/cm2, for inhibitor-free 
solution, solution containing extract (I) and solution containing extract (II) successively. This 
suggests that the extracts (I) and (II) were adsorbed on the metal surface and retarding the 
corrosion reactions [18].  
 

    
 
 
 
 
 
 
 

 

Notes: (A) Extract (I); (B) Extract (II) 

Fig. 2. Polarization curves for carbon steel recorded after 30 min of immersion, at (298±1) K 
in 1 M HCl containing different concentrations of extract (I) and extract (II) 
 
The inhibition efficiency η values increase by increasing the inhibitors concentrations, with 
the maximum η% is up to 96 percent at 40 ppm extract (I) concentration and 95% at 40 ppm 
to extract (II), indicates that the extracts exhibited excellent efficiency in acid solutions, but 
extract I more efficient compared to extract II. The results also reveal that inhibition 
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efficiency generally increases with concentration possibly due to an increase in the metal 
surface area covered by the extract [19]. 
 
Table 2. Electrochemical parameters and corresponding inhibition efficiency of carbon steel 
at various concentrations of extract (I); extract (II) 
 

 
Concentration 

PPM 
E(i=0)(mV) i c  (mA/cm²) βc(mV) β a(mV ) ʋc(mm/Y ) η% 

HCl BLANK -529.2 8.9669 -263.5 241.9 104.8  

  
     

 

Extract 

(I) 

05 PPM -498.6 0.8613 -166.2 122.5 10.07 0.90 

10 PPM -557.0 0.7118 -133.7 206.6 8.325 0.92 

20 PPM -564.8 0.5580 -140.4 358.7 6.526 0.93 

30 PPM -546.4 0.4227 -147.1 166.3 4.944 0.95 

40 PPM -538.6 0.3237 -84.8 105.6 3.785 0.96 

 
     

  

Extract 

(II) 

05 PPM -499.3 1.1216 -178.2 122.4 13.11 0.87 

10 PPM -498.3 0.9942 -169.8 127.8 11.62 0.89 

20 PPM -556.3 0.7378 -146.8 239.2 8.629 0.91 

30 PPM -553.2 0.7148 -152.7 138.0 8.360 0.92 

40 PPM -503.6 0.4395 -144.6 102.2 5.141 0.95 

 
3.2. Electrochemical impedance spectroscopy (EIS) 

EIS measurements for A106 Gr B carbon steel in in acidic solution in the absence and the 
presence of Thapsia garganica extracts were made at Ecorr and (298±1) K after 30 min of 
immersion Figure 3. The charge-transfer resistance (Rct) values were calculated from the 
difference in impedance at lower and higher frequencies. The double layer capacitance (Cdl) 
and the frequency at which the imaginary component of the impedance reached maximal 
were found as represented in equation 2 [20]: 

𝐶𝐶𝑑𝑑𝐼𝐼 = 𝑌𝑌0     (𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚)𝑛𝑛−1                                                                                                              (2) 

where 𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚  = 2𝜋𝜋𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚   , and  𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚  is the frequency at which the imaginary component of 
the impedance is maximal.  

The impedance parameters derived from these investigations are shown in Table 3. 
(Figure 3 illustrates Nyquist plots of the impedance spectra obtained for carbon steel in the 
uninhibited as well as for the inhibited system. Typically, a single depressed capacitive 
semicircle characterizes Nyquist plots for the HCl solution and for the inhibitor-containing 
solutions, over the studied frequency range. When the faradaic impedance Zf of the system is 
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given solely by a charge transfer resistance, like the spectra shown in Figure 3 containing a 
similar behavior and single depressed semicircles, inhibition was shown to be associated with 
a geometric blocking effect that achieves high efficiency [21].  
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Notes: (A) Extract (I); (B) Extract (II) 

Fig. 3. Nyquist diagrams of carbon steel with different concentrations 
 

The Nyquist plots with an irregular outline in the low frequency, which indicates that the 
corrosion reaction on the metal surface mainly charges transfer-based without change in the 
mechanism of the corrosion process [22,23]. The depressed semicircles are mainly known as 
frequency dispersion which due to the roughness as well as the other forms of interfacial 
phenomena [24].  

The EIS spectra can be fitted with the equivalent circuit model of the form in Figure 4. 
This equivalent circuit include, Rs, the solution resistance, CPE, instead of a pure capacitor 
represents the interfacial capacitance employed for analyzing the EIS data and Rct denotes the 
charge transfer resistance [25,27]. 
 

(A) 

(B) 
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Table 3. Electrochemical impedance values of carbon steel in 1 M HCl containing different 
concentrations of inhibitor (I, II) at (298±1) K 
 

 Concentration  PPM Rs (Ω.cm2) CdI (F. cm2) n Rtc(Ω.cm2) η% 
1 M HCl  Blank 1.463 0.531 e-3 0.895 3.869         

Extract (I) 

05 PPM 1.748 0.501 e-3 0.831 41.49 0.90 
10 PPM 1.543 0.389 e-3 0.789 53.58 0.92 
20 PPM 1.85 0.391 e-3 0.847 61.39 0.93 
30 PPM 1.856 0.285 e-3 0.849 80.13 0.95 
40 PPM 1.628 0.238 e-3 0.850 114.6 0.96 

       

Extract 
(II) 

05 PPM 1.463 0.427 e-3 0.802 30.96 0.87 
10 PPM 2.017 0.639 e-3 0.783 37.25 0.89 
20 PPM 1.981 0.328 e-3 0.849 44.33 0.91 
30 PPM 1.787 0.523 e-3 0.752 54.27 0.92 
40 PPM 2.981 0.478 e-3 0.754 77,96 0,95 

 
The replacement of capacitance by CPE gives us a better approximation [26], for this 

system where an inhibitor is present. The CPE impedance is described by the following 
equation: [23]. 

𝑍𝑍𝐶𝐶𝐶𝐶𝐶𝐶 = 1
𝑌𝑌0    (𝑗𝑗𝑗𝑗)𝑖𝑖

                                                                                                                        (3)  

where Y0 is the CPE constant, j is the imaginary number (-1)1/2, 𝜔𝜔 = 2𝜋𝜋𝑓𝑓 is the angular 
frequency for which imaginary component of impedance is maximum, n is the exponent 
which defines the character of frequency-dependence (-1≤ n≤1).The values of n are 
associated with the non-uniform distribution of current because of surface roughness and 
other non-homogeneities, adsorption of inhibitors, formation of porous layers and the 
variations in properties or compositions of surface layers [28]. 
 

 
 

Fig. 4. Equivalent circuits 
 

The corrosion reaction is strictly controlled by electron transfer and, thus, the increasing 
Rct is related to corrosion inhibition, and the decrease in the Cdl value is due to both the 
decrease in local dielectric constant and the increase in the thickness of electric double layer 
[29]. It is clear from the results of this study. 
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The inhibition efficiency of the inhibitor was calculated from the charge transfer 
resistance values using the following equation 4 [30]: 

 η% = 𝑅𝑅𝑅𝑅𝑅𝑅(𝑖𝑖𝑖𝑖𝑖𝑖)−𝑅𝑅𝑅𝑅𝑅𝑅0
𝑅𝑅𝑅𝑅𝑅𝑅(𝑖𝑖𝑖𝑖𝑖𝑖)

 × 100                                                                                                      (4) 

where Rct0 and Rct(inb) are charge transfer resistances in the absence and presence of the 
inhibitor, respectively. The results found in Table 3 show that the inhibiting effectiveness 
increases with the increase of the concentration of the inhibitor until reaching the optimal 
value of 96% to 0.04 ppm from the extract (I) and 95% to 0.04 ppm of extract (II), which 
indicates that extracts displaces the water molecules and other ions on the metal surface and 
is adsorbed at the metal/solution interface. This results in the formation of a protective layer 
on the metal surface and the significant inhibition of corrosion of the carbon steel surface 
[29]. That similar trends were observed starting from the polarization representation, 
confirms the same results and the same inhibition process. 
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Fig. 5. Langmuir adsorption isotherms for the adsorption of extract (I) extract (II) on carbon 
steel in 1 M HCl at different concentrations 

(A) 

(B) 
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3.3. Adsorption isotherm 

Adsorption isotherm gives the fundamental information about the interaction between 
inhibitor and metal surface [31]. Surface coverage data play an important role in assessment 
of inhibitor characteristics and are useful for fitting experimental data to adsorption isotherms 
such as Langmuir, Temkin and Freundlich adsorption isotherms [31,32]. The surface 
coverage(𝜃𝜃) was calculated as a function of the inhibitor concentration, assuming that the 
inhibitor efficiency was mainly due to the blocking effect of the adsorbed species on the 
metal electrode [28], and hence: 

 𝜃𝜃 = 𝑅𝑅𝑅𝑅𝑅𝑅(𝑖𝑖𝑖𝑖𝑖𝑖)−𝑅𝑅0
𝑅𝑅𝑅𝑅𝑅𝑅(𝑖𝑖𝑖𝑖𝑖𝑖)

                                                                                                                        (5) 

The Langmuir adsorption isotherm gave the best fit in the present study, where we 
obtained the correlation coefficient (R2) up to 0.9999 for extract (I), and 0.9996 for extract 
(II), the slope is very close to the unit, this isotherm is calculated by following equation [33]: 

𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖
𝜃𝜃

= 𝐶𝐶𝑖𝑖𝑛𝑛𝑖𝑖 + 1
𝐾𝐾𝑎𝑎𝑎𝑎𝑎𝑎

                                                                                                                    (6) 

where (𝜃𝜃)   the fractional surface coverage; Cinb the inhibitor concentration; Kads is the 
equilibrium constant of the adsorption–desorption process, and is represented in Figure 5. 

 From the intercept of the plots, kads values have been obtained Table 4 and related to the 
free energy of adsorption ∆G, by: 

𝐾𝐾𝑚𝑚𝑑𝑑𝑎𝑎 = � 1
55.55

� 𝑒𝑒𝑒𝑒𝑒𝑒 �−∆𝐺𝐺
𝑅𝑅𝑅𝑅
�                                                                                                        (7) 

where R is the gas constant (8.314 J mol−1 K−1), T is the absolute temperature, and the value 
55.5 is the concentration of water in solution expressed in M. Generally, values of free energy 
of adsorption up to −20 (kj/mol) are consistent with electrostatic interaction between charged 
molecules and a charged metal (which indicates physical adsorption), while those more 
negative than –40 Kj.mol−1 involve charge sharing or transfer from the inhibitor molecules to 
the metal surface to form a co-ordinate [15,34].   
 
Table 4. Adsorption parameters from Langmuir isotherm for carbon steel in 1 M HCl 
containing extract (I)and extract (II)at different concentrations 
 

 extract (I) extract (II) 
∆G(kj/mol) -11.36 -10.47 
Slop 1.03 1.04 
Intersection 0.56 0.80 
R2 0.9999 0.9996 
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Fig. 6. Polarization curves for 1 M HCl in the various temperatures 
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Fig. 7. Polarization curves for carbon steel, in 1 M HCl containing optimal concentrations at 
different temperatures of extract (I) and extract (II) 
 

The obtained values of ∆G are -11.36 KJmol-1 for extract (I), and -10.47 KJmol-1 for 
extract (II). The negative values of the ∆G indicates that the adsorption of inhibitor molecules 
on the metal surface is a spontaneous and stability process, and the values around 20 (kj/mol) 

(B) 

(A) 
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suggest the electrostatic interaction between the inhibitor and the metal surface, i.e. 
physisorbtion [35,36].    
 
3.4. Effect of temperature 

The mechanism of the inhibitor action can be deduced by comparing the apparent 
activation energies, Ea, in the presence and absence of the corrosion inhibitor. Activation 
parameters such as Ea, the enthalpy of activation, ∆Ha, and the entropy of activation, ∆Sa, for 
both corrosion and corrosion inhibition of A 106 Gr B carbon steel in 1 M HCl in the absence 
and presence of optimal concentrations (40 ppm) of extract (I) and extract (II) successively, 
in the range of studied temperatures (298- 333 K). Figure 6,7. 
 
Table 5. Electrochemical parameters of the absence and presence of the optimal 
concentration of extract (I); extract (II)in 1 M HCl for the various temperatures 
 

Concentration 
40 ppm T (K) E(i=0) 

(mV) ic  (mA/cm²) βc (mV) βa (mV) ʋc (mm/Y ) η% 

Blank 298 -529.2 8.9669 -263.5 241.9 104.8 - 

1 M HCl 
313 -496.1 11.7983 -296.3 253.8 137.9  
323 -514.5 12.4426 -290.6 252.1 145.5  
333 -519.5 13.3543 -284.7 237.8 156.1  

        

Extract (I) 

298 -538.6 0.3237 -84.8 105.6 3.785 0.96 
313 -511.6 0.7641 -163.0 108.0 8.937 0.93 
323 -514.3 1.2137 -165.6 144.0 14.19 0.90 
333 -512.0 1.6739 176.6 145.9 19.57 0.87 

        

Extract (II) 

298 -503.6 0.4395 -144.6 102.2 104.8 0.95 
313 -529.5 0.8784 -144.8 145.8 5.141 0.92 
323 -515.3 1.3231 -163.3 146.9 10.27 0.89 
333 -514.3 1.7927 -168.4 148.5 15.47 0.86 

 
The effect of temperature on inhibition efficiency for the solutions pure and containing 

the optimal concentration to extract (I), extract (II) successively and corresponding 
parameters are listed in Table 5. The rise in temperature. 

(298-338 K) accelerates the corrosion reaction, where noticed that the corrosion current 
density (Icorr) increases with increasing temperature in uninhibited and inhibited solutions, 
and thus shows a decrease in the resultant inhibition efficiency. Increase in temperature slows 
down the adsorption of inhibitor molecules on the metal surface resulting in desorption of 
inhibitor molecules because these two opposing processes are in equilibrium[37]. 

The effect of temperature on activation energy can be calculated using Arrhenius 
equation: 

𝐼𝐼𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐 = 𝐾𝐾 𝑒𝑒𝑒𝑒𝑒𝑒 �−𝐶𝐶𝑎𝑎
𝑅𝑅𝑅𝑅
�                                                                                                                (8) 
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where Ea is the apparent activation corrosion energy, R is the universal gas constant and k is 
the Arrhenius pre-exponential constant. Taking the logarithm of the Arrhenius equation 8 
yields: Figure 8, Shows Arrhenius plots of the logarithm of the current density versus 1/T.10-3 
for carbon steel in the corrosive medium with and without addition of extract (I) and extract 
(II).  
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Fig. 8. Arrhenius plot of ln (Icorr) vs. 1/T.10-3 for carbon steel corrosion in 1 M HCl in the 
absence and presence of 40 ppm to extract (I) and extract (II) 
 

Straight lines are obtained with a slope of (-Ea/R). Activation parameters obtained from 
this graph are given in Table 6. It is clear from Table 6 that the values of Ea in the presence of 
the optimal concentration of extract (I) is higher than that of extract (II) and are higher than 
the value Ea for the blank solution. The value increased by 9.37 kJ / mol for the blank 
solution to an average value of 39.40 kJ / mol and 33.90 kJ / mol for extract I and extracts II 
respectively. 

ln 𝐼𝐼𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐 = −𝐶𝐶𝑎𝑎
𝑅𝑅𝑅𝑅

+ ln𝐾𝐾                                                                                                               (9) 

The values of Ea in the presence of inhibitor are higher than those of the pure acid, 
indicative of the decrease in protection efficiency observed for the system with rising 
temperature, suggesting a strong inhibitory action of additives which creates energy barrier 
for corrosion process[3,37,38].   

The activation parameters for carbon steel in 1 M HCl acid in the absence and presence of 
40 ppm for the two extracts were obtained from linear square fit of ln (I) and ln (I/T) data 
versus (1/T). ΔHa, ΔSa was calculated using transition state equation, as illustrated in Figure 
9. 

𝐼𝐼𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐 =  ��𝑅𝑅𝑅𝑅
𝑁𝑁ℎ
� 𝑒𝑒𝑒𝑒𝑒𝑒 �∆𝑆𝑆𝑎𝑎

𝑅𝑅
� 𝑒𝑒𝑒𝑒𝑒𝑒 �∆𝐻𝐻𝑎𝑎

𝑅𝑅𝑅𝑅
��                                                                                     (10) 
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Fig. 9. Arrhenius plot of ln (Icorr/T) versus 1/T.10-3 for carbon steel corrosion in 1 M HCl in 
the absence and presence of 40 ppm to extract (I) and extract (II) 
 

Where h is the Planck’s constant, N is the Avogadro’s number, ∆Sa is the entropy of 
activation, ∆Ha is the enthalpy change, T is the absolute temperature and R is the universal 
gas constant. The plots ln I/T against 1/T.10-3 presented as Figure 9 in the Supporting 
Information are shown to be linear with slope of -∆Ha/R.2.303 and intercept of ln 
(R/Nh)+(∆Sa/2.303R). From which the ∆Ha, ∆Sa, respectively were computed and listed in 
Table 6. 
 
Table 6. Activation parameters for carbon steel in the 1 M HCl solution in the absence and 
presence of different concentrations of extract (I) and extract (II) 
 

 Ea (kj/mol) ∆Ha(kj/mol) ∆Sa(kj/mol) 

HCl 9.37 20 .16 -212 
40 ppm  extract (I) 39 .40 112.15 -41.70 
40 ppm  extract (II) 33.90 95.77 -78.24 

 
The positive signs of ΔHa reflected the endothermic nature of the electrode dissolution 

process [37,39,40]. The value of ΔSa is lower for the uninhibited solution than that for the 
inhibited solution. The great negative values of entropies indicate that the activated complex 
in the rate determining step is an association rather than dissociation, step meaning that a 
decrease in disordering takes place on going from reactants to the activated complex[41]. 
 

4. CONCLUSION  

Thapsia garganica extracts acts as a among the best corrosion inhibitor performance of A 
106 Gr B carbon steel in 1 M HCl. with maximum inhibition efficiency of 96% for 



Anal. Bioanal. Electrochem., Vol. 11, No. 11, 2019, 1500-1516                                         1514 
 

methalonic extract (I) and 95% for ethyl acetate extract (II) and maximum level of inhibitor 
concentration to 40 ppm at (298±1) K. This values are in good correlation with the 
experimental results obtained of stationary and non-stationary techniques. Potentiodynamic 
polarization curves proved that the Thapsia garganica extracts (I) and (II) were a mixed-type 
inhibitors. Adsorption of inhibitor obeys Langmuir adsorption isotherm by forming a 
monolayer on metal surface. Values of heat of adsorption were low indicating a physical 
adsorption on metal surface. The inhibitor efficiency decreased with an increase in the 
temperature. The values of Ea in the presence of inhibitors suggest creation of an energy 
barrier, formed by inhibitory molecules. The positive signs of ΔHa reflected the endothermic 
nature of the electrode dissolution process. 
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