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A study on the use of Cynara scolymus (C. scolymus) as a green corrosion inhibitor for 1018 carbon 

steel in 0.5 M sulfuric acid has been carried out by using weight loss tests, potentiodynamic 

polarization curves and electrochemical impedance spectroscopy measurements. It was found that C. 

scolymus is a good corrosion inhibitor with its efficiency increasing with the inhibitor concentration 

but it decreases with an increase in the temperature.  C. scolymus is a mixed type of inhibitor, which is 

physically adsorbed on to the metal surface by following a Temkin adsorption isotherm. It forms a 

protective film by the contained compounds such as fatty acids, phenolics as quinic acid and sterols 

such as stigmasterol and -sitosterol .  

 

 

Keywords: Carbon steel, acid corrosion, green inhibitor. 

 

 

 

1. INTRODUCTION 

The amount of sulphuric acid used in the chemical industry for removal of the undesired scales 

and rust is enormous. In order to secure the metal against the acid attack, is a common practice the 

addition of corrosion inhibitors, and a lot of research in this regard have been carried out using organic 

inhibitors [1-4]. Commonly used inhibitors are organic compounds which contain hetero-atoms such as 

N, S and O, which have a high electron density that makes them the reaction centres. The way that 

these  compounds retard corrosion attack is being adsorbed on the metallic surface and block the active 

corrosion sites, but unfortunately most of them are highly toxic to both human beings and environment 
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[5-7]. Thus, it is necessary to use compounds which are compatible with environment, cheaper and 

harmless as corrosion inhibitors [8-23]. This kind of inhibitors has been used as extract or oil and may 

play a major role in protecting metals from attack in pickling and/or bath acid solutions. Thus, Khan et 

al. [15] carried out a review of the literature that reports the use of green corrosion inhibitors and found 

that those compounds which have N, S  or O in their molecular structure showed excellent corrosion 

inhibition properties. Anupama [18] evaluated the use of Pimenta dioica  as corrosion inhibitor for 

mild steel in HCl by using electrochemical techniques and weight loss measurements. In addition, they 

used computational calculations for the molecular components to study the corrosion inhibition 

mechanism.  Ji et al. [19] used Musa paradisica (Banana) peels as corrosion inhibitor for mild steel in 

HCl finding a good corrosion inhibition, but raw banana peels extract had a better efficiency tan that 

for the ripe ones. Ngobiri evaluated Brassica oleracea as a green inhibitor for pipeline steel in 0.5M 

H2SO4 [20]. They found that the corrosion inhibition efficiency increased with the inhibitor 

concentration and temperature up to a point, but decreased with a further increase in either the 

concentration or the temperature. Similar studies were performed with mild steel in HCl by using 

extracts of Retama monosperma [21], Eleusine aegyptiaca and Croton rottleri leaf [22]. 

Artichoke or Cynara scolymus L. (C. scolymus ) is an old plant, which comes from 

Mediterranean sea, Italy and Spain. Its parts,such as leaves, have been enjoyed as a vegetable all over 

the world and are used in herbal medicine as a choleretic from a long time [23]. Polyphenols and 

flavonoids have been found as a fundamental part in the chemical components of artichoke leaves but 

some mono- and dicaffeoylquinic acids have been reported [24-25]. Not only some antibacterial and 

anti oxidative properties have been reported in various pharmacological test done to artichoke leaf 

extracts but also some anti-HIV, bile expelling, hepatoprotective, urinative, and choleretic activities as 

the ability to inhibit cholesterol biosynthesis and LDL oxidation [26-28] . Working with cultured rat 

hepatocytes, leaf extracts have been reported to show ant oxidative and protective properties against 

hydroperoxide-induced oxidative stress [29], as well certain ability to protect lipoprotein from 

oxidation in vitro [30], haemolysis induced by hydrogen peroxide, to inhibit oxidative stress when 

human cells are stimulated with agents that generate , hydrogen, peroxide, phorbol-12-myristate-13-

acetate, and N-formyl-methionyl- leucyl-phenylalanine [31]. Thus, the goal  of this research work is to 

evaluate artichoke petals extract (C. scolymus) as corrosion inhibitor for carbon steel in acid media. 

 

 

 

 

2. EXPERIMENTAL PROCEDURE. 

2.1 Testing Solution 

Commercial C. scolymus was purchased form a local market, and left to dry in air. After two 

weeks, the petals were removed and soaked into methanol during 72 hours, after which the remaining 

methanol was evaporated completely. A paste was obtained this way which was used to be dissolved in 

methanol as stock solution. Concentrations used in this work include 0, 100, 200, 400, 600, 800 and 
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1000 ppm. As corrosive environment, a 0.5 M H2SO4 solution was prepared  by using analytical grade 

reagents. 

 

2.2 Material tested. 

As testing material, a 6.0 mm diameter 1018 carbon steel rode was used. For electrochemical 

tests, a 2.0 cm long specimen was encapsulated in commercial polymeric resin, abraded with 600 

grade SiC emery paper, washed and  degreased with acetone and used. 

 

2.3 Electrochemical techniques. 

Electrochemical techniques used in this work includes potantiodynamic polarization curves and 

electrochemical impedance spectroscopy (EIS) measurements. A conventional three electrodes glass 

cell was used, with an Ag/AgCl and a graphite rode as reference and auxiliary electrodes respectively. 

For the polarization curves, electrodes were let to reach a steady state free corrosion potential value, 

Ecorr, normally during 30 minutes. After this, specimen was polarized from -1500 to +2000 mV respect 

to the Ecorr value, at a scan rate of 1 mV/s. For the EIS measurements, specimens were applied a signal 

with an amplitude of ± 10 mV around the Ecorr value in a frequency interval of 10 kHz-0.05 Hz. 

 

2.4 Weight loss tests. 

Cylindrical coupons measuring 2.5 cm high and 6.0 mm of diameter were cut; they were 

abraded with 600 grade emery paper, rinsed in distilled water, dried with warm air, degreased with  

acetone dried and finally kept in a desiccator before their use. Then they were immersed into the 0.5 M 

H2SO4 aggressive solution and used different concentrations of green inhibitor of C. scolymus (0 - 

1000 ppm) during 72 h. Testing temperatures included 25°C, 40 and 60°C. All tests were done for 

triplicated. Corrosion rates, in terms of weight loss measurements, W, were calculated as follows: 

 W = (m1 – m2) / A              (1)  

In eq. (1) the mass of the specimen before and after corrosion tests are m1  m2 respectively, and 

the exposed area of the specimen is A. Inhibitor efficiency, IE, was calculated as follows: 

 

IE (%) = 100 (W 1 - W 2)/ W 1       (2) 

 

with W1 and W2 as the weight loss without and with inhibitor respectively. Selected 

specimens were observed in a LEO 1450VP scanning electron microscope (SEM) for their analysis. 

 

2.5 FTIR Spectroscopic analysis of green corrosion inhibitor 

The green corrosion inhibitor was examined under FTIR analysis by using a Bruker equipment 

in KBr pellet in the 4500-570 cm
-1 

interval. The peak values of the FTIR were recorded. Each analysis 

was repeated twice to detect the characteristic peaks and their functional groups. 
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2.6 Gas Chromatography / Mass spectrometry (GC-MS) analysis  

The C. scolymus green corrosion inhibitor was also analyzed on an GC Agilent 6890 System 

Plus coupled to Agilent 5973 Network Mass selective detector, to detect all majority organic natural 

compounds content in the methanol extract. The GC-MS equipped with silica capillary column (30 m 

X 0.25 mm, film thickness 0.25mm). The GC conditions were temperature 45 to 250 °C with a 

temperature gradient of 10 °C/min. Injected a volume 1.0 L of green corrosion inhibitor at 0.02 g/L of 

concentration. The identification of the majority of components was based on the comparison of their 

indices mass fragmentation with those of authentic compounds on the commercial equipment high 

quality mass spectra database N-15598 [32, 33].  

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Weight loss tests 

Table 1. Effect of C. scolymus concentration on the weight loss, inhibitor efficiency and surface 

coverage degree for 1018 carbon steel in 0.5 M H2SO4 at different temperatures. 

 

Cinh (ppm)  W (mg/cm
2
) I.E. (%) 

25 
0
C 

0 125 

 

___ ___ 

            100 

            200 

            400 

            600 

            800 

            1000 

98 22 0.22 

83 34 0.34 

45 64 0.64 

31 75 0.75 

20 84 0.84 

14 89 0.89 

40 
0
C 

0 235 ___ ___ 

              100 

              200 

              400 

              600 

              800 

             1000 

210 12 0.12 

190 19 0.19 

145 38 0.38 

122 48 0-48 

85 63 0.63 

55 76 0.76 

60 
0
C 

0 250 ___ ___ 

 100 220 9 0.09 

 200 210 15 0.15 

 400 160 35 0.35 

 600 137 45 0.45 

 800 95 60 0.60 

 1000 61 70 0.70 
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The effect of C. scolymus concentration on the weight loss, inhibitor efficiency and  surface 

coverage area, , is given in table 1, where it can be seen the clear effect of this green inhibitor in the 

weight loss, which decreases with increasing the inhibitor concentration, while the inhibitor efficiency 

and  value increases.  It is clear that the increase in the inhibitor efficiency values is due to an 

increase in the surface covered by the inhibitor, as indicated by an increase in the value. It can be 

seen that the weight loss increases whereas the inhibitor efficiency decreases with increasing the 

temperature. 

To investigate the adsorption behaviour of C. scolymus extract in H2SO4 solution, several 

isotherm models were employed, but, as shown in Fig. 1, the best fit was obtained by using the Temkin 

type of isotherm at the three testing temperatures.  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Temkin type of adsorption isotherm for 1018 carbon steel in in 0.5 M H2SO4 containing C. 

scolymus at 25, 40 and 60 
0
C. 

 

This isotherm model monitors the variation of adsorption coefficient Kads with concentration of 

inhibitor, Cinh, according to the following relationship [34]: 

 

log(/Cinh) = log (Kads) - A                                       (3) 

 

where A is a constant. From the Temkin isotherm, tha adsorption-desorption equilibrium 

constant Kads was determined as 8.57, 0.13 and 0.0014 L mg
-1

 at 25, 40 and 60 
0
C respectively, 

indicating. This leads to an adsorption free-energy value of -17.4 , -1.3 and 12. 5 kJ mol
-1

 at 25, 40 and 

60 
0
C respectively. The Kads value may be taken as a measure of the strength of the adsorption forces 

between the inhibitor molecules and the metal surface [35]. Large values of Kads imply more efficient 
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adsorption and hence better inhibition efficiency [36]. Generally, values of the adsorption free-energy  

around -20 kJ mol
-1

 have typically been correlated with the electrostatic interactions between organic  

molecules and charged metal surface (physisorption) whilst those values in the order of -40 kJ mol
-1

 

are associated with charge sharing or transfer from the organic molecules to the  metal surface 

(chemisorption) to form a co-ordinate type of bond [37]. The negative value of the free-energy of 

adsorption value means that the adsorption process is spontaneous, while the value around -20 kJ mol
-1

 

indicates that C. scolymus was physically adsorbed on the steel surface. 

 

3.2 Polarization curves. 

The effect of C. scolymus concentration in the polarization curves for 1018 carbon steel in 0.5 

M H2SO4 is given in Fig. 2- This figure shows that steel display an active-passive behavior regardless 

of the inhibitor concentration. The Ecorr value shifted towards more active values as soon as C. 

scolymus was added to the system, except with the addition of 1000 ppm, where it moved towards a 

more active value. The corrosion and passive current density values were lowered when C. scolymus 

was added for almost one order of magnitude, reaching its lowest value with 1000 ppm. 

Electrochemical parameters obtained from these polarization curves are shown in table 2, where it can 

be seen that anodic Tafel slope was increased when the inhibitor was added, except when 1000 ppm 

were added and where the highest inhibitor efficiency was obtained and where the anodic Tafel slope 

was decreased.  

 

 
Figure 2. Effect of C. scolymus concentration in the polarization curves for 1018 carbon steel in in 0.5 

M H2SO4. 
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On the other hand, cathodic Tafel slope was decreased when the inhibitor was added, except 

when 1000 ppm were added, where it was increased. Thus, C. scolymus is a type of mixed inhibitor for 

carbon steel in 0.5 M H2SO4, decreasing both the anodic dissolution of iron and cathodic hydrogen 

evolution reactions. 

 

Table 2. Electrochemical parameters obtained from the polarization curves for 1018 carbon steel in 0.5 

M H2SO4. 

 

Cinh  

(ppm) 

E
corr 

(mV) 

I
corr 

(mA cm
-2

) 

I
pas 

(mA cm
-2

) 

β
a
 

(mV/Dec) 

β
c 

(mV/Dec) 
I.E. (%) 



0 -490 1.185 2.7 80 120 

 

 

100 -539 0.721 2.0 200 100 38 0.38 

200 -570 0.551 1.8 365 115 53 0.53 

400 -605 0.535 1.6 275 125 57 0.57 

600 -580 0.452 1.5 265 110 61 0.61 

800 -605 0.409 1.4 500 105 66 0.66 

1000 -430 0.1464 1.2 42 155 88 0.88 

 

3.3 Electrochemical impedance spectroscopy measurements. 

EIS data, in both Nyquist and Bode formats for 1018 carbon steel in 0.5 M H2SO4 at different 

concentrations of C. scolymus are given in Fig. 3. Nyquist diagrams, Fig. 3 a, display a single 

depressed, capacitive-like semicircle with its center in the real axis, with a tale or elongations at low 

frequency values, which is due to the accumulation of all kind of species at the metal/solution interface 

[38, 39].  

 

  
Figure 3. Effect of C. scolymus concentration in the a) Nyquist and b) Bode plots for 1018 carbon 

steel in in 0.5 M H2SO4. 

 

When Nywuist data display only  a single semicircle, this means an activation control, i.e. the 

corrosion process is under charge transfer control from the metal to the electrolyte through the double 

electrochemical layer. The semicircle diameter increases with increasing C. scolymus concentration. 
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On the other hand, Bode plots, Fig. 3 b,  shows that the impedance modulus increases as the C. 

scolymus increases, and the presence of a single in the uninhibited solution. As the C. scolymus 

concentration increases, this peak shifts towards higher frequency values and the frequency interval 

where the phase angle remains constant increases,  indicating that the corrosion protection given by C. 

scolymus increases. The frequency interval where the phase angle remained constant was with the 

addition of 1000 ppm of C. scolymus, indicating that the highest corrosion resistance was obtained at 

this inhibitor concentration. 

 

Table 3. Electrochemical parameters obtained from the EIS data for 1018 carbon steel in 0.5 M 

H2SO4. 

 

Cinh 

(ppm) 

R
s
 

(Ω cm
2

) 

R
tc
 

(Ω cm
2

) 

C
dl

 

(F cm
-2

) 
I.E. (%) 



0 6 106 3.8X10
-5

 ----- ---- 

100 5 135 2.9X10
-5

 22 0.27 

200 6 159 2.0X10
-5

 34 0.39 

400 5 293 1.7X10
-5

 64 0.69 

600 7 431 3.0X10
-5

 75 0.78 

800 6 641 1.2X10
-5

 84 0.84 

1000 5 930 1.1X10
-5

 89 0.90 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Temkin type of adsorption isotherm for 1018 carbon steel in in 0.5 M H2SO4 containing C. 

scolymus using weight loss, polarization curves anad EIS data at 25 
0
C. 
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The increase in the impedance with increasing the inhibitor concentration is due to the 

adsorption of the inhibitor on the surface metal and an increase in the surface area covered by the 

inhibitor molecules, as it can be seen in table 3, where the electrochemical parameters obtained from 

EIS data are given. In this table, Rs  is the solution resistance, Rct the charge transfer resistance, and Cdl 

the double layer capacitance. Inhibitor efficiency was calculated with following equation: 

 

I.E.100 (Rct1 - Rct2)/ Rct1                                                     (4) 

 

where Rct1 is the charge transfer resistance with inhibitor and Rct2 the charge transfer resistance 

without inhibitor. It can be seen that the Rct value increases with the inhibitor concentration, 

decreasing, thus, the corrosion rate, reaching a highest value when 1000 ppm of inhibitor are added. 

On the other hand, the Cdl value decreases with an increase in the inhibitor concentration, reaching its 

lowest value with the addition of 1000 ppm. An increase in Rct  indicates a higher metal surface area 

covered by the inhibitor as a result of an increase in inhibitor concentration [35, 36] which avoid the 

electrolyte molecules to attack the metal. Adsorption isotherms can be calculated by using both, 

gravimetric and electrochemical data, which is given in Fig. 4, which shows that the same adsorption 

isotherm was obtained, i. e. Temkin, with the three different techniques, which is very encouraging. 

The values of the double-layer capacitance (Cdl) decrease by  adding inhibitor in to corrosive solution. 

A different method to calculate double-layer capacitance is by using following equation: 

 

                                                       (5) 

 

where ε is the double layer dielectric constant, ε0 the vacuum electrical permittivity, δ the 

double layer thickness, and A the surface area. Thus, if the water molecules are replaced by the 

inhibitor molecules being adsorbed, which have lower dielectric constant [37], this will decrease the 

double layer thickness and, consequently, a  decrease in Cdl value. 

 

3.4 SEM micrographs. 

Some surface SEM micrographs of specimens corroded without and with 1000 ppm of  C. 

scolymus at 25, 40 and 60 
0
C can be seen in Fig. 5.  

For the blank, uninhibited solution, micrographs show a corrosion products film with many 

porous and cracks, which increase in number as the testing temperature increases, Fig. 5 a, c and e; 

these  cracks which are paths for the corrosive solution to ingress and attack the underlying metal. For 

the solution containing 1000 ppm of C. scolymus, micrographs show a corrosion products film with 

much less amount of porous and cracks, especially at 25 
0
C, Fig. 5 b, which is an indication that this 

film is the responsible for the corrosion protection  given by the inhibitor. 
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Figure 5. SEM micrographs of 1018 carbon steel corroded in 0.5 M H2SO4 containing 0 ppm (a, c 

and e) and 1000 ppm (b, d and f) of C. scolymus at 20 (a and b), 40 (c and d) and 60 
0
C (e and 

f). 

 

As the temperature increases, Fig. 5 d and f, the amount of cracks present in the film increases, 

decreasing, thus, the corrosion protection given by the film. This film is formed by the reaction of iron 

ions and inhibitor, which replaces the water molecules from the metal surface is adsorbed onto the 

metal surface, according to: 

Inhsol + XH2Oads  Inhads + XH2Osol    (6) 

C. scolymus may then react with iron ions, Fe
2+, 

generated during its corrosion to forma 

complex  [40, 41]:  

Fe  Fe
2+

 + 2e-      (7) 

Fe
2+

 + Inhads  [Fe-Inh]ads
2+

                          (8) 

which  is the responsible for the corrosion protection given to the metals surface. 
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3.6 Infrared Spectroscopy. 

FTIR spectrum for C. scolymus extract is shown in Fig.6, where a typical signal of the O-H 

link, which is known to passivate metals, can be seen at 3382 cm
-1

, and another one  at 2931 cm
-1

 

corresponds to the C-H signal, whereas a strong signal at  2361 cm
-1

 is
 
for the C-O link, which is an 

evidence of the presence of the carboxylic acid.  

 

 
 

 

 

Figure 6. FTIR spectrum for pure C. scolymus extract. 

 

On the other hand, a signal at 1623 cm
-1

 corresponds to the vibrations for the  C=C link, 

characteristic for aromatic rings, and the signal at 1404, 1061 and 669 cm
-1

 correspond to the 

vibrations  of the methil, -CH3, group. 

 

3.7 Gas Chromatography / Mass spectrometry (GC-MS) 

The chromatogram for C. scolymus extract is given in Fig. 7, whereas the main compounds 

found are given in table 4.   

Results show that the main compounds are: hexadecanoic and quinic acids were the two main 

compounds, followed by 2,3-dihidro-3,5-dihidroxi-6-metil(R)-4H-piran-4-one, which has been found 

in propolis,   whereas ciclitol, some fatty acids with their esters, as well as  stigmastherol and -

sitosterol were found also.  Structurally, organic corrosion inhibitors consist of polar and nonpolar 

ends. The polar end, which consists of heteroatoms such as oxygen, nitrogen, and sulphur, is usually 

adsorbed on the electrovalent metal surface. The heteroatoms usually have extra outer electrons to fill 

or share with the vacant d-orbital of the metal [7–10]. It has been shown [41] that the formation of a 

complex formed with Fe
2+

 ions and OH
-
 groups present in the extract is partially the responsible to 

give the corrosion protection to the metal. 

 



Int. J. Electrochem. Sci., Vol. 11, 2016 

  

8078 

 
Figure 7. Gas Chromatography / Mass spectrometry spectrum for pure C. scolymus extract. 

 

Table 4. Chemical compounds found in C. scolymus by using Gas Chromatography / Mass 

spectrometry. 

 

Compound 
tr 

(min) 
[M]+ Chemical structure 

2,3-dihidro-3,5-dihidroxi-

6-metil(R)-4H-piran-4-on  
9.15 144 

 

Quinic acid  15.74 174 

 

Methil ester of  

hexadecanoic acid 
18.66 270 

 

N-hexadecanoic acid  19.04 256 
 

Methil ester of  9,12-

octadecadienoic acid  
20.31 294 

 

 9, 12-octadienoic acid  20.66 280 
 

Octadecanoic acid  20.90 284 
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Stigmasterol  36.11 412 

 

-sitosterol  37.36 414 

 

tr= retention time, [M]+ = Ion molecular mass. 

 

It has been reported [22-24] that the most important compounds responsible for the antioxidant 

properties of C. scolymus are hexadecanoic and quinic acids, which contains OH
-
 groups within them. 

In this case, it seems that the OH
-
 group is the main responsible for the corrosion inhibition of C. 

scolymus. Additionally, in [42, 43] it was shown that the high inhibitive performance of this extract 

suggests a strong bonding of the C. scolymus derivatives on the metal surface due to presence of 

heteroatoms such as O, which have lone pairs and -orbitals and vacant d-orbitals of 1018 steel, which 

block the active sites where corrosion takes [4,5, 18]. Therefore, bonding between inhibitor molecules 

onto carbon steel surface occurs through sharing electrons of the OH
-
 group present in the C. scolymus 

components of the extract and the d-orbitals of iron. 

 

 

4. CONCLUSIONS 

The possibility of using C. scolymus as a green corrosion inhibitor for 1018 steel in 0.5 M 

H2SO4 has been carried out. Results have shown that methanolic extract of C. scolymus petals is a good 

green corrosion inhibitor, with its efficiency increasing as the inhibitor concentration increased, 

reaching its highest value with the addition of 1000 ppm, but it decreases as the temperature increases. 

Polarization curves showed that the addition of C. scolymus decreases both the passive and the 

corrosion current density values. C. scolymus is physically adsorbed on the metal surface according to 

a Temkin isotherm type of adsorption of the green corrosion inhibitor which acts as a mixed type of 

inhibitor. SEM showed a layer formation of protective corrosion products film which is formed by iron 

ions and functional groups, mainly OH
-
, present in the green corrosion inhibitor compounds such as 

hexadecanoic and quinic acids. 
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