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Abstract- Corrosion inhibition of mild steel in 1 M hydrochloric acid by water, hexane and 
ethanol extracts of Pimpinella Anisum plant were study using weight loss and Tafel 
polarization curves. The effects of temperature on the corrosion behavior of mild steel in 1M 
hydrochloric acid with addition of extracts were also studied. The inhibition efficiency (IE) 
increases with increasing concentration of Pimpinella Anisum extracts but decreases with 
increasing the temperature. The adsorption of the extracts on the surface of metal follows a 
Langmuir isotherm model. Polarization studies show that the extracts behave as mixed type 
inhibitors. Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) 
study confirmed that the inhibition of corrosion of mild steel is through adsorption of the 
extracts molecules on the surface of metal. Gas chromatography-mass spectroscopy (GC-MS) 
results showed that anethole was the major compound of both Yemeni and Moroccan 
Pimpinella Anisum plant.  
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1. INTRODUCTION  

Iron and its alloys have wide spread industrial and constructional applications due to their 

availability and low cost but they are one of the most consumed metals. However, they are 

highly sensitive to corrosion, particularly in the acid media [1-3]. 

The most effective method for protecting metals to fight against corrosion is the use of 

inhibitors. Different organic compounds have been studied as inhibitors for the protection of 

metals against corrosion [4-13]. The majority of corrosion inhibitors that are used in acidic 

media are organic compounds containing electronegative atoms such as nitrogen, oxygen, 

sulfur etc.., unsaturated bonds and/or aromatic rings. The inhibitory effect of the organic 

compounds is due to the adsorption of the molecules, which are characterized by lone 

electron pair and/or π electrons on the metal surface [14]. 

Recently, natural compounds increased in the development and use of low-cost and eco-

friendly products such as extracted compounds from leaves or seeds as corrosion inhibitors 

for mild steel [15-34], the most components from plants that have noted as a corrosion 

inhibitor are sugars, steroids, aloin, tannic acid, flavonoids, terpenes etc... and the formation 

of the protective film on the surface of steel is improved during the presence of the polycyclic 

compounds[35]. 

Pimpinella Anisum L. Umbelliferae is an annual herb and a grassy plant with white 

flowers and small green to yellow seeds that grows in India, Egypt, Yemen, Morocco, 

Turkey, and many other warm regions of the world. The essential oil from the seeds of P. 

anisum contain anethole and it is valuable in perfumery and in medicine domains [36-41]. To 

characterize the adsorbed layer and the interaction between adsorbed molecules, the 

adsorption isotherms are used. The adsorption isotherms as Langmuir, Tempkin and Frumkin 

are the most common models to study the mechanism of corrosion inhibition by determining 

the surface coverage (θ) and the adsorption isotherms of inhibitor molecules in the corrosive 

media [42-45].  

The objective of this work was to study the corrosion inhibition of mild steel in a 1 M 

HCl solution in the presence of water, ethanol and hexane extracts of anise as an inhibitor 

respectful of the environment by open-circuit potential measurements, potentiodynamic 

polarization curves and weight loss measurements. The inhibited metal surface state is 

examined by scanning electron microscopy. This study aimed also to investigate the 

temperature effects on mild steel corrosion in 1 M hydrochloric acid solution in the presence 

and the absence of different concentration of water, hexane and ethanol extracts from Anise 

seeds using a potentiodynamic polarisation method. 
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2. MATERIAL AND METHODS 

2.1. Plant material 

The anise seed (Pimpinella anisum) is characterized by a slightly sweet and very aromatic 

flavour (Fig. 1). The seeds are dry and clean, with a greenish brown colour. Anise was 

collected from middle of Morocco (Meknes) and the North of Yemen (Saadh), the seeds were 

washed with distilled water, dried at room temperature for 21 days and then grinded by use 

electric herb grinder and finally the seeds powder were kept until required. 

 

 
Fig. 1. The Pimpinella anisum seeds 

 

2.2. Preparation of the extracts  

2.2.1 Aqueous extract  

In the first place, the powdered Anise (50 g) was extracted by maceration in distilled 

water (250 mL) for 30 min, and then the decoction was filtered and lastly, freeze-dried 

[46,47]. 

 

2.2.2 Organic extracts 

Both hexane and ethanol extracts were obtained by classical Soxhlet extraction of 100 g 

of aerial parts during 24 h. About 700 mL of each solvent was used. These two organic 

extracts, corresponding to two different polarity components, were concentrated to dryness 

and finally the residue was kept at 4° C [46-48].  

 

2.3. Gas Chromatography–Mass Spectrometry (GC–MS) 

Pimpinella Anisum extracts sonicated in mixture with methanol, chloroform and n hexane 

was analyzed by GC–MS using Ultra Trace GC (Themo-Fisher Scientific) composed of a 

VP-5 capillary fused silica column (30 m, 250 µm, 25 µm film thickness) and a Polaris Q 

Themo-Fisher Scientific as mass spectra detector. The oven temperature was held at 60 °C 

for 2 min and then programmed with the rate of 16 °C/min to reach 280 °C in 20 min. 

Additional operating conditions are the following: He (99.99%) as carrier gas, at a rate of 1.4 
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ml/min. The detector temperature and the injection temperature were, respectively, 300 °C 

and 220 °C. The injection volume was 0,001 L with a split ratio of 1:25. EI/MS were taken at 

70 eV IE.  GC/MS analysis provides the mass spectra of the various constituents which are 

then compared to those of the Wiley and NBS libraries [49] and those described by Adams 

[50]. In addition, the relative concentrations of the components were calculated based on GC 

peak areas without using correction factors. 

 

2.4. Weight loss measurements 

Mild steel specimens with the same composition used in the electrochemical 

measurements with dimension of 0.1×1×1 cm were immersed in 100 mL of electrolyte with 

and without optimal concentrations of Anise extract. The weights of the specimens before and 

after immersion were detected by analytical balance (sensitivity ±0.0001 g). After one week 

and everyday exposure, the specimens were taken out rinsed thoroughly with distilled water, 

dried for one hour in electrical oven at 70 °C then cooled in desiccator (1 h) and weighted 

again as quickly as possible. For each test, three parallel experiments were performed. 

Weight loss permits calculation of the inhibition efficiency IE (%) of extracts anise according 

to the following equation: 

 

% 100 

Where m0 and m are the weight before and after immersion, t is the immersion time, A is 

the mild steel specimens Area and Wcorr, Winh are the corrosion rate of mild steel samples 

obtained in 1mol/L hydrochloric acid solution without and with inhibitor, respectively. 

 

2.5. Electrochemical measurements 

Cylinder specimens from mild steel 0.1 cm in thickness with masses composition (%): 

0.18 C, 0.04 P, 0.05 S, 0.30 Mn, trace Si, and the remainder iron (Fe) were prepared as 

working electrodes. The electrodes were prepared by embedding steel rods in an epoxy resin 

and exposing a surface area of 1 cm2 to the electrolyte. For all the experiments, the surface 

pre-treatment was carried out with 400, 600, 1200 and 1500 grade emery paper, then the 

metal surface was rinsed with distilled water ultrasonically degreased in absolute ethanol, 

dried and finally dipped into the electrolytic cell. 

The corrosive medium was 1 M hydrochloric acid prepared by dilution of analytical grade 

HCl (37% wt) with bi-distilled water. All electrochemical measurements were conducted in a 

thermostat conventional three electrode cylindrical glass cell, containing 100ml of corrosive 

medium with a Platinumelectrode Pt (counter electrode) and Saturated Calomel Electrode 
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SCE (reference electrode). In order to minimize ohmic contribution, the SCE was placed 

close to working electrode.  In all experiments, the mild steel was allowed to maintain the 

stability of the open circuit potential for 1 h. The Potentiodynamic curves of mild steel in 1M 

HCl solution in the absence and in the presence of different extracts of Anis were obtained in 

the potential range from -1 V to 0 V. For polarization measurements, a potentiostat Voltalab 

301 PGZ monitored by a PC computer and Voltamaster 4.0 software were used to run the 

tests, collect and evaluate the experimental data. During each experiment, the test solution 

was mixed with a magnetic stirrer. 

The inhibition efficiency (IE %) depends on the degree of coverage of the mild steel 

surface by molecules of the inhibitor and can be calculated with the following equations: 

 

% 100 

Where  is the surface coverage,   and  are, respectively, the corrosion current 

densities obtained in hydrochloric acid 1M without and with the aqueous extract or the 

organic extracts, determined by the intersection of the extrapolated cathodic Tafel lines at the 

experimentally measured. 

 

2.6. Scanning electron microscopy connected with Energy dispersive spectroscopy 

The surface of mild steel specimens before and after immersion in the absence and the 

presence of Anis extracts were studied using a Quanta 200 FEI Company scanning electron 

microscope. The energy of the acceleration beam employed was 20 kV. The group is 

equipped with a system complete of microanalyses X (detector EDS) and with a detector of 

back-scattered electrons. This EDS technique allows to given the chemical composition of 

the sample with a very low limit of detection going up to the Boron. 

 

3. RESULTS AND DISCUSSION 

3.1. Extracts analysis   

The extracts that obtained by soxlhet from Yemeni and Moroccan Anise seeds are a green 

colour at room temperature. The Anise extractions with different solvents have shown that the 

best efficiency is with water and then with ethanol. As described in Table 1. GC/MS is used 

to determine the different composition of the aqueous extract and the organic extracts. The 

structures of the major compounds are shown in the chromatogram Fig. 2. 
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Table 1. Yield of extracts from a seeds of Anise collected from saadh and Meknes in Yemen 

and Morocco, respectively 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. p-allyl anisole (1), Camphene (2), Fenchone (3), Anisole, p-allyl(4), Anethole(5), 

Linoleic acid (6), Palmitic acid (7) 

 

The comparative study between the extract of the Yemeni and Moroccan Anise as 

antibacterial and anticorrosion for dental amalgam also the extraction yield was given the 

same results with unimportant different [15,37,46]. So in this study we just used the Yemeni 

extract as corrosion inhibitor of mild steel in 1M hydrochloric acid media. 

 

3.2. Weight loss method 

The calculated values of corrosion rate (W), inhibition efficiency (EI%) and the effect of 

immersion time from 22 h (day) to 154 h (week) of the inhibitor at the optimum 

concentration for mild steel in 1 M hydrochloric acid media are shown in table 2. The 

efficiency of hexane extract at optimum concentration increase with increasing the immersion 

Extract fractions Yield (%) 

Yemen water extract 16.66 

Moroccan water  extract 15.33 

Yemen ethanol extract 9.49 

Morocco ethanol extract 8.84 

Yemen  hexane extract 5.67 

Moroccan hexane  extract 4.34 
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time indicates the adsorption of the inhibitor molecules on the metal surface. For both water 

and ethanol extract the efficiency decrease with increasing the immersion time indicates 

desorption of the inhibitor from the metal surface. The maximum inhibition efficiency of 

hexane, ethanol and water extract at room temperature was 78.5% after 154 h, 88.9% and 

80.2% after 22h respectively.  

 

Table 2. Effect of immersion time on the corrosion of mild steel in 1 M hydrochloric acid 

with different extracts of Anise at optimal concentration 

 

Inhibitor t (h) Blank Hexane extract Ethanol extract Water extract

Area (cm²) - 2.80 2.60 2.80 2.80 

 W
ig

h
t 

lo
ss

 (
g)

 

22 0.0243 0.011 0.0027 0.0048 

44 0.0368 0.0127 0.0056 0.0094 

66 0.045 0.0148 0.0087 0.0124 

88 0.0531 0.0161 0.0126 0.0184 

110 0.0666 0.017 0.0165 0.0256 

132 0.0814 0.0182 0.0207 0.0291 

154 0.0989 0.0197 0.0233 0.0329 

 C
or

ro
si

on
 r

at
e(

W
) 

 

22 3.94×10-4 1.92×10-4 4.38×10-5 7.79×10-5 

44 2.98×10-4 1.11×10-4 4.54×10-5 7.63×10-5 

66 2.43×10-4 8.62×10-5 4.70×10-5 6.71×10-5 

88 2.15×10-4 7.03×10-5 5.11×10-5 7.46×10-5 

110 2.16×10-4 5.94×10-5 5.35×10-5 8.31×10-5 

132 2.20×10-4 5.30×10-5 5.60×10-5 7.87×10-5 

154 2.29×10-4 4.92×10-5 5.40×10-5 7.63×10-5 

 E
ff

ic
ie

n
cy

 (
E

I 
%

) 

22 - 51.3 88.9 80.2 

44 - 62.8 84.8 74.5 

66 - 64.6 80.7 72.4 

88 - 67.3 76.3 65.3 

110 - 72.5 75.2 61.6 

132 - 75.9 74.5 64.3 

154 - 78.5 76.4 66.7 

 

3.3. Open circuit potential  

Figs. 3, 4 and 5 show the evolution of the open circuit potential E=f (t) of the mild steel in 

a 1 M HCl acid medium at room temperature, in the absence and in the presence of different 

concentrations of three extracts, during 60 min of immersion. According to obtained results, 
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potential decrease with increasing inhibitor concentration, the presence of the extracts in the 

solution led to shift of the curve to the negative potential direction, indicating that the 

cathodic corrosion is affected by the inhibitors and the value of Ecorr varies little over time. 
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Fig. 3. Evolution of the open circuit potential (OCP) vs. exposure time for mild steel in 1 M 

HCl solution in the absence and in the presence of water extrac 
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Fig. 4. Evolution of the open circuit potential (OCP) vs. exposure time for mild steel in 1 M 

HCl solution in the absence and in the presence of ethanol extract  
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Fig. 5. Evolution of the open circuit potential (OCP) vs. exposure time for mild steel in 1 M 

HCl solution in the absence and in the presence of hexane extract 

 

3.4. Potentiodynamic polarization 

Polarization curves of mild steel in 1 M HCl solution without and with different 

concentration of water, ethanol and hexane extracts are shown in Fig. 6, 7, and 8 respectively 
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Fig. 6. Polarization curves of mild steel in 1 M HCl solution without and with various 

concentrations of water extract 
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Fig. 7. Polarization curves of mild steel in 1 M hydrochloric acid with and without different 

concentration of ethanol extract 
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Fig. 8. Polarization curves of mild steel in 1 M hydrochloric acid with and without different 

concentration of hexane extract 

 

The values of the electrochemical parameters for different concentrations of water, 

ethanol and hexane extracts of Anise seeds are given in the Table 3. The data show that the 

corrosion current density decreases (Icorr) for all extracts by increasing their concentration 

and therefore the inhibition efficiency increases. The presence of different extracts resulted in 

a shift of the corrosion potential (Ecorr) toward more negative values between 11-42 

mVcathodically compared to the blank and also modification in anodic and cathodic Tafel 

slopes were observed. An inhibitor can be categorized as cathodic or anodic type if the 

displacement in the Ecorr is exceeds 85 mV with respect to corrosion potential of the blank 
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[51]. From the obtained results in the present study, it is pertinent to say that different Anise 

extracts acts as mixed-type inhibitor with predominant cathodic effectiveness.   

 

Table 3. Electrochemical parameters obtained from the Tafel plots of mild steel in 

hydrochloric acid at various concentrations of water, ethanol and hexane extracts 

 

Extracts C (g/L) Ecorr mV (SCE) Icorr (mA cm-2) θ E (%) 

Blank -438 3.6 - - 

Water extract 

0.6 -438 1.1 0.6944 69.44 

0.8 -438 0.57 0.8417 84.17 

1 -438 0.24 0.9333 93.33 

1.2 -470 0.17 0.9528 95.28 

Ethanol extract 

0.6 -448 0.68 0.8111 81.11 

0.8 -448 0.41 0.8861 88.61 

1 -448 0.28 0.9222 92.22 

1.2 -478 0.19 0.9472 94.72 

Hexane extract 

0.6 -440 0.64 0.8222 82.22 

0.8 -440 0.35 0.900 90.20 

1 -440 0.21 0.939 94.16 

1.2 -446 0.16 0.954 95.55 

 

3.5. Adsorption isotherm  

The interaction information between water, ethanol and hexane extract of Anise and the 

mild steel surface can be provided by adsorption isotherm. The values of θ for different 

concentrations of the extract obtained from Potentiodynamic polarization were evaluated. 

Attempts were made to fit θ values to divers’ isotherms including Temkin, Langmuir and 

Frumkin, the correlation coefficient (R2) was used to choose the most suitable isotherm. The 

Langmuir isotherm equation is given by: 

1
 

Where, k is the adsorption constant. This suggests that the adsorption of all extract on 

mild steel surface followed the Langmuir adsorption isotherm [52-54] (Fig. 9). 

 



Anal. Bioanal. Electrochem., Vol. 10, No. 11, 2018, 1506-1524                                         1517 
 

 
Fig. 9. Langmuir adsorption isotherm of water, ethanol and hexane extract on the mild steel 

surface in 1M hydrochloric acid 

 

The values of ∆  were calculated using this equation: 

K
1

55.5
e

∆

 

Where ∆  is the standard free energy of adsorption (kJ.mol-1) and 55.5 is the value of 

concentration of water in the solution (mol/L) [55]. Adsorption parameters of green inhibitor 

for mild steel corrosion in 1MHCl medium were shown in the table 4. The negative sign of 

∆  suggests that the process adsorption of aqueous extract and organic extracts onto the 

metal surface is spontaneous. It is well known that values of ∆ on the order of −20 

kJ/mol or lower indicate a physical adsorption, while that of −40 kJ/mol or higher involve 

charge sharing or a transfer of electrons to from a co-ordinate indicate chemisorption [56-58]. 

 

Table 4. The adsorption constant values for the different extracts 

 

 

 

 

 

 

The obtained value of ∆ suggests a physical adsorption of water, ethanol and 

hexane extract of Anise components onto the mild steel surface in hydrochloric acid media. 

This adsorption gives rise to a large covered surface area with a very small amount of 

adsorbed molecules. Therefore, high inhibition efficiency could be achieved by low 

Extract type R2 K (L/g) ∆ (kj.mol-1) 

Water extract 0.9701 2.232 -13.43 

Ethanol extract 0.9993 4.878 -11.72 

Hexane extract 0.9977 5.025 -12.21 
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concentrations of the extract. At the same time, the increase of extract concentration above a 

certain value has a little effect on the inhibition efficiency. This conclusion is confirmed by 

the fact that the inhibition efficiency does not increase linearly with extract concentration, as 

shown in Fig. 10. 

 

 
Fig. 10.  The effect of extract concentration on the inhibition efficiency 

 

3.6. Temperature effect 

Temperature influence on the corrosion of mild steel with and without optimum 

concentration of water, ethanol and hexane extracts of Anise in one molar hydrochloric acid 

media was studied at temperature range of 25–55 ◦C using polarization measurement. Results 

obtained show that corrosion rate increased with increasingin the temperature with and 

without the extracts of Anise while inhibition efficiency decreased with increasing the 

temperature The values of activation energies (Ea) of mild steel in 1 mol/l HCl corrosion 

were calculated from the equation of Arrhenius[59]: 

lnI lnA
E
RT

 

Where Ea is the activation energy, R is the gas constant, A is the Arrhenius factor, T is the 

temperature and Icor the corrosion courant. The plots of (lnIcorr) against 1/T of mild steel in 

1M HCl solution without and with the extracts of Anise are shown in Fig. 11. 
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Fig. 11.  Arrhenius plots of (lnIcorr) versus 1/T of mild steel in one molar of hydrochloric 

acid media 

 

The values of Ea for mild steel in one molar hydrochloric acid media with and without the 

optimum concentration of Anise extracts were calculated from the dependence of corrosion 

current logarithm (lnIcorr) on the reciprocal of absolute temperature (1/T) and shown in the 

Table 5. 

 

Table 5. Thermodynamic parameters for adsorption optimum concentration of Anise extracts 

on mild steel surface in one molar of hydrochloric acid media 

 

 

The enthalpy activation (∆ ° ) and the entropy activation (∆ °  ) for the mild steel 

corrosion in one molar of hydrochloric acid media were obtained by using the following 

equation [56]: 

ln
I
T

ln
R
Nh

∆S°

R
∆H°

RT
 

Where h is the Planck’s constant and N is the Avogadro’s number. The dependence of 

corrosion current logarithm divided into the temperature  according to absolute 

Extract types Ea (kJ.mol-1) R² H a
0 (kJ.mol-1)∆ Sa0 (J.mol-1)∆ Ea - ∆Ha

0 R² 

Blank 22.94 0.967 20.30 -125.19 2.64 0.994 

Water extract 62.92 0.929 60.33 -123.17 2.60 0.923 

Ethanol 

extract 

85.69 0.989 83.08 -51.51 2.61 0.988 

Hexane 

extract 

51.33 0.931 48.74 -164.51 2.60 0.924 
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temperature 1/T that shown in Fig. 12. Straight lines are obtained with a slope of ∆ ° /  and 

from the intercepts of	  axis; 	∆ °  values were calculated and are shown in the Table 5. 

All values of Ea are high than the analogous values of ∆ °  indicating that the corrosion 

process must implicate a gaseous reaction, simply the hydrogen evolution reaction, associated 

with a decrease in the total reaction volume [60].  

Moreover, the average difference value of the Ea-∆ °  is 2.60 kJ/mol, which is 

approximately equal to the average value of RT (2.63 kJ/mol). Consequently, it is indicated 

that the corrosion process is a molecular reaction as it is characterized by the following 

equation [61]: 

Ea - ∆Ha
0 = RT 

Positive sign of the enthalpies reflects the endothermic nature of the steel dissolution 

process. Negative values of entropies indicate that the activated complex in the rate 

determining step represents an association rather than the dissociation step, meaning that a 

decrease in disordering takes place on going from reactants to the activated complex [62,63]. 

 

 
Fig. 12. The dependence of corrosion current logarithm divided into the temperature (Ln 

Icorr/T) according to absolute temperature (1/T) 

 

3.7. SEM-EDS Analysis 

The morphology of mild steel surface obtained by scanning electron microscopy (SEM) 

after one-week immersion in one molar hydrochloric acid media with and without water, 

ethanol and hexane extract of Anise is presented in Fig. 13. It is clear that the mild steel 

surface presents severe corrosion attack in the blank sample. It is important to stress out that 

when the extract is present in the solution, there was a smooth surface with deposited extract 
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on it [64]. This result confirms that the extract of Anise inhibited corrosion of mild steel by 

adsorption of the molecules on metal surface. 

 

   
 

 

    
 

 

Fig. 13. The morphology of mild steel in one molar hydrochloric acid media: without 

inhibitor (a); with water extract (b) with ethanol extract(c); with hexane extract(d) 

 

4. CONCLUSION 

Pimpinella Anisum extracts can be used as a good, effective, naturally derived and 

environmentally friendly corrosion inhibitor for mild steel in hydrochloric acid media. The 

inhibition efficiency IE increased with increasing the concentration of the extracts but 

decreased with the increase of the temperature. The electrochemical study shows that the 

Anise extract is a mixed inhibitor. Corrosion inhibition is linked to adsorption of the extracts 

components onto mild steel surface, following a Langmuir adsorption isotherm for both Anise 

seeds extracts. The values of thermodynamic parameters indicate that the adsorption of Anise 

seeds extracts is a physical adsorption. SEM-EDS Analysis confirms that the extract of Anise 

                                 (a)                                                                (b) 

                              (c)                                                                       (d)      
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inhibited corrosion of mild steel through adsorption of the inhibitor molecules on metal 

surface. 
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