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ABSTRACT  
 
The role of lavender extract in the present study is to examine 
the effect of inhibiting the corrosion of mild steel in the ambient 
conditions with its green and eco-friendly effect. It was 
determined the influence of inhibitor using electrochemical 
impedance spectroscopy (EIS) in different immersion times. 
From the EIS measurement results, it was observed that as the 
concentration of Lavandula extract in the HCl solution 
increased, the polarization resistance (Rp) values in the EIS 
diagram increased. Finally, scanning electron microscope 
(SEM) analysis was conducted to better clarify the surface 
inhibition of the electrode containing Lavandula sp. extract at 
the highest concentration, 0.500% (w/v), at the end of the 120 
h immersion time. It has been observed that both the surface 
analysis and EIS findings are very compatible with each other. 
  
 
 
Keywords: Lavandula, EIS, HCl corrosion, Green inhibitor, 
SEM. 
 

Lavanta türü özütünün hidroklorik asit 
çözeltisindeki yumuşak çelik korozyonunu 

etkin önlemesindeki rolü 
 
ÖZ 
 
Bu çalışmadaki lavanta özütünün rolü, yeşil ve çevre dostu 
etkisi ile ortam koşullarındaki yumuşak çeliğin korozyonunu 
önleme etkisini incelemektir. İnhibitörün etkisi, 
elektrokimyasal impedans spektroskopisi (EIS) kullanılarak 
farklı daldırma sürelerinde belirlenmiştir. Bu ölçüm 
sonuçlarından, HCl çözeltisi içerisindeki lavanta ekstraktının 
derişimi arttıkça, EIS diyagramındaki polarizasyon direnci (Rp) 
değerlerinin de arttığı gözükmüştür. Son olarak, en yüksek 
derişimde (% 0.500 (w/v)) lavanta özütü içeren elektrodun, 120 
saat daldırma süresi sonundaki yüzey inhibisyonunu daha iyi 
açıklamak için taramalı elektron mikroskobu (SEM) analizi 
yapılmıştır. Hem yüzey analizlerinin hem de EIS bulgularının 
birbiriyle son derece uyumlu oldukları görülmüştür. 
  
 
Anahtar Kelimeler: Lavanta, EIS, HCl korozyonu, Yeşil 
inhibitör, SEM.

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
1. INTRODUCTION  
 
Water Industries using metallic materials are often 
subject to corrosion phenomena. It is for this reason that 
corrosion can cause an unexpected failure, which 
definitely causes to economic losses and can impress 
product quality.1 Preserving metallic materials, in 
particular inhibiting corrosion of mild steel, apparently 
requires a constant endeavour between man and nature.2,3 

Metallic materials are often threatened by their nature, 
which significantly reduces their lifetime. Mild steel is 
generally known to be low cost and is one of the most 
common metals. In addition, it has a technological and 
economic disadvantage due to its prone to corrosion in 
various environments such as acidic, basic, atmospheric 

and aqueous. For this reason, it is essential to use it in 
scientific corrosion research. 
 
There are many corrosion protection methods available. 
Among these, the most effective and widely used one is 
inhibitor application. Both inorganic and organic 
compounds are used effectively as inhibitors. However, 
there may be harmful effects on the environment. 
Recently, the use of plant extracts for corrosion inhibition 
and control purposes, especially as “green inhibitors”, 
has attracted attention.4-8 One of the important sources of 
environmentally friendly inhibitors is plants.9 Extracts 
from bark, seeds, leaves, fruits and plant roots have been 
shown to contain mixtures of organic compounds 
containing N, S and O atoms in its chemical formula, 
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which are effectual inhibition on metal corrosion in 
aggressive solutions.10,11 Plant extracts are extremely 
abundant resources of chemical compounds such as 
organic acids, amino, terpenoids, alkaloids, tannins and 
phenolic compounds that are naturally found and 
synthesized in the body, and many of them are known to 
have inhibitor effects.12-15 Lavandula extract/oil is 
extensively used in the fragrance and the pharmaceutical 
industry and, more recently, in food production as a 
natural sweetener for ice cream, candies and beverages. 
Literature researches reveal that no study has been 
conducted on the inhibition performance of Lavandula 
extract on the corrosion of mild steel involved in this 
study. 
  
Apart from some extracts, the extracts from the leaves 
were generally those that indicated understandably better 
preservation at comparatively low concentrations. The 
reason for this has been pointed out that leaves are the 
main resource of phytochemicals.16,17 Extracts can be 
classified in two ways: aqueous medium or organic 
solvent. Extracts from both media are selected according 
to the areas to be applied. For example, in corrosion 
studies, it is preferred to use extracts obtained from an 
aqueous medium, since the conditions are generally 
carried out in an aqueous electrolyte solution. In general, 
aqueous solution extracts include polar phytochemicals, 
while organic solution extracts include non-polar 
phytochemicals.18,19 Phytochemicals carrying polar 
groups such as amine (-NH2), hydroxyl (-OH), ester (-
COOR), carboxylic acid (-COOH), acetyl chloride (-
COCl) and amide (-CONH2) are the main elements that 
provide adsorption to the metal surface as corrosion 
inhibitors. There are some basic groups in 
phytochemicals that provide corrosion inhibition. The 
most important of these are: Glycosides, alkaloids, 
flavonoids, steroids, tannins, phytosterols, flobatannins, 
anthraquinones, amino acids, triterpenes and phenolic 
compounds.20,21 Due to their biological origin, plant 
extracts are environmentally friendly and often exhibit 
high preservation efficiency even at much lower 
concentrations. 
 
Plants are unparalleled beings that transform the solar 
energy into a resource of living via photosynthesis. The 
lavender plant has a wide range of uses. The fresh 
flowered branch tips of lavender are generally used in the 
perfume industry, while the dried flower and leaf parts 
are used in the cosmetics industry. It is a shrub-looking 
perennial plant. Lavender can be sized between 20 and 
60 cm. In this study, the extract of “Lavandula sp.” from 
Lamiaceae family was used and its inhibitor influence 
was examined. It is also especially significant study in 
terms of inhibiting the corrosion of the mild steel 
electrode in HCl solution. It was intended to examine the 
influence of the Lavandula extract as an inhibitor on the 
mild steel corrosion in hydrochloric acid solution by EIS 
experiments in different immersion periods with various 

concentrations. As result, it has been argued that the non-
toxic and eco-friendly Lavandula extract is a highly 
effective inhibitor for industrial applications. 
 
2. MATERIALS AND METHODS 
 
2.1. Plant material 
 
Lavenders used in the study were was collected from 
Niğde-Bor, Bereket village, 37°43ˈ50" N, 34°32ˈ35"E, in 
July 2020. 
 
2.2. The solutions of Lavandula extract 
 
Chemicals used in electrochemical tests are of analytical 
grade. Lavandula samples were firstly dried in an oven 
for almost 1 hour at 80 °C for preparing the stock solution 
of this plant’s flowers extract. The flowers of the plant 
dried were separated from their stems. Dried 10 g of the 
violet flowers samples were weighed (Figure 1) and was 
added in 250 mL distilled water and refluxed for 18 h.  
 

 
 
Figure 1. Dried violet Lavandula specimens. 
 
The refluxed solution was filtered. Photographs of the 
filtration and clear extract obtaining steps are presented 
in Figure 2. 
 

 
 
Figure 2. Extract acquisition stages. 
 

Refluxed extract mix.

Final filtrateFiltrate sediment

Filtering stage
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The concentration of the stock Lavandula solution 
studied was 1.376% (w/v). All solution concentrations 
were diluted from the stock Lavandula solution. 
Electrochemical experiments were performed in 1.0 M 
HCl solution for aggressive media. 
 
2.3. Electrodes and EIS measurements 
 
The electrochemical tests were obtained on the surface of 
mild steel electrodes. The chemical composition (wt.%) 
of working electrodes is given in Table 1. 
 
Table 1.  The chemical composition of the working electrodes 
samples. 

 

The electrodes were placed in a mould including 
polyester mixture and a surface area of 0.5024 cm2 of the 
electrodes was subjected to hydrochloric acid solution. 
The surfaces of the test electrodes were abraded with 150, 
600 and 1000 grids of sandpaper and polished and 
cleaned with alumina solution and acetone, respectively 
before each electrochemical experiment. The 
conventional three electrode methods were applied for 
EIS experiments. The first electrode is the working 
electrode and mild steel is used. The second is the counter 
electrode and a Pt plate with a surface area of 1.0 cm2 is 
used. The third and last electrode is the reference 
electrode and Ag/AgCl has been used for this. All 
potentials in the study were measured against this 
Ag/AgCl electrode. 
EIS experiments were studied utilizing CHI 660B 
electrochemical analyser with a computer-controlled 
(Fig. 3).  
 

 
Figure 3. Photo of the experimental setup of a corrosion 
measurement with electrochemical analyser device in a 
laboratory area. 
 

EIS measurements were performed in 1.0 M hydrochloric 
acid solution in with and without different Lavandula 
extract concentrations. The mild steel specimens were 
immersed in electrolyte solution for 1 h to equilibrate the 
corrosion potential (Ecorr) at the corrosion process prior 
to each EIS experiments. It was obtained on the corrosion 
potential at a frequency range of 105 to 5x10-3 Hz with 5 
mV amplitude carried out by EIS. One, 24 and 120 h 
experiments were performed to investigate immersion 
time EIS periods and it was compared that the inhibition 
efficiency values obtained by EIS at different exposure 
times. SEM (Zeiss SEM 500 with computer controlled) 
images were performed 120 h of immersion time in 
hydrochloric acid solution with and without Lavandula 
sp. extract at the highest concentration (0.500%). All 
experiments were realized at ambient temperature (298 
K). 
 
3. RESULTS and DISCUSSION 
 
3.1. Evaluation of EIS findings 
 
Impedance spectroscopy is one of the fastest and easiest 
methods that are often preferred in researching the 
protective properties of all these molecules on metals in 
aggressive solutions, whether the inhibitor used is 
organic molecules or inhibitors of plant origin.22-24 For 
this reason, electrochemical behaviour of mild steel was 
evaluated by measuring with EIS at the end of one, 24 
and 120 h immersion times in 1.0 M HCl solutions 
containing four different concentrations of Lavandula 
(0.100%, 0.050%, 0.300% and 0.500% (w/v)) and not 
containing inhibitor. The equivalent circuits of the 
corrosion process were constituted from these results by 
utilizing Zview2 software. The EIS parameters 
concerned to the corrosion process are also given in Table 
2. 
 
Table 2. The related data acquired from fitting EIS 
measurements for mild steel in acidic solution with Lavandula 
extract at various exposure time. 
   Time 

       
      C 

       (w/v %)   

Rs 
(Ω cm2) 

Rp 
(Ω cm2) 

CPE 
RL 

(Ω cm2) 
L 

(H) 
η 

(%)  (µF cm-2) n 

1 h        
Blank 1.2 72 110 0.94 8 4 - 
0.050 1.2 320 106 0.89 - - 77.5 
0.100 1.3 540 83 0.86 - - 86.7 
0.300 1.2 750 78 0.84 - - 90.4 
0.500 1.3 805 73 0.83 - - 91.1 
24 h        

Blank 1.2 11 2600 0.95 1.3 1.1 - 
0.050 1.5 170 310 0.85 - - 93.5 
0.100 1.3 470 110 0.84 - - 97.8 
0.300 1.3 600 90 0.84 - - 98.2 
0.500 1.1 674 80 0.83 - - 98.4 
120 h        
Blank 1.4 4 36520 0.89 0.4 0.3 - 
0.050 1.6 50 1647 0.83 - - 92.0 
0.100 1.1 186 360 0.60 - - 97.9 
0.300 1.1 251 290 0.48 - - 98.4 
0.500 1.1 486 274 0.35 - - 99.2 

Element % Element % Element % 

(C) 0.08400 (Si) 0.10200 (Mn) 0.40900 
(P) 0.01100 (S) 0.01900 (Cr) 0.06030 

(Mo) 0.01040 (Ni) 0.07890 (Al) Trace 
(Co) 0.00198 (Cu) 0.21700 (Nb) 0.00222 
(Ti) Trace (V) 0.01100 (W) Trace 
(Pb) Trace (Sn) 0.01620 (Sb) Trace 
(Fe) Remain     
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Proposed equivalent electrical circuits for mild steel 
electrodes were inserted in Figure 4 and the Nyquist 
diagrams in HCl solution of the extract have been showed 
for different exposure time in Figure 4. 
 

 

 

 

 
 

Figure 4. Fitted impedance curves for mild steel specimens in 
hydrochloric acid with and without various Lavandula extract 
concentrations for 1, 24 and 120h. 

In the EIS diagram obtained for 1 h immersion period in 
Figure 4, it is viewed that the equivalent circuit model 
proposed for the inhibited solution is distinct from the 
one proposed for the uninhibited solution. One of the 
most obvious differences between the two is the 
adsorption film layer that comes into play in the inhibited 
solution. As can be clearly seen from Figure 4, the radii 
of the semicircles composed in the high frequency area 
in all inhibited solutions were greater than those in 
uninhibited ones, and the radii enhanced as the 
concentration of inhibitor enhanced.25-28 

 
The “n” values shown in Table 2 are the surface 
roughness coefficient of the metal. As Lavandula extract 
solutions were added to the blank solution, the “n” values 
decreased, in other words, the surface roughness 
gradually diminished. “Rp” is the polarization resistance, 
that is, the molecules of Lavandula extract are polarized 
by adsorption to the metallic surface in a corrosion 
process. While the Rp value in the blank solution was 72 
Ω cm2, as Lavandula was added to the medium at the last 
of each immersion period, the Rp values increased. In 
addition, as the exposure period to the acidic solution 
increased, the Rp values at each concentration gradually 
decreased as the corrosion process continued. Percent 
inhibition efficiency values (η%) calculated from Rp 
values at the end of one-hour immersion time increased 
as Lavandula extract was added to the acidic solution, 
and this value provided a high inhibition rate of 91.1% at 
the highest Lavandula concentration (0.500%). 
 
Another impedance parameter in Table 2 is the “CPE” 
value. CPE is the “constant phase element” in the 
electrical equivalent circuit and is conversely 
proportional to the Rp value.29 As the extract 
concentration increases in the solution medium, the CPE 
value decreases accordingly. In the EIS diagrams 
obtained in solutions containing Lavandula during each 
immersion period, it is viewed that the diameter of the 
capacitive loop increases significantly with the increase 
of the concentration. As can be seen in the Nyquist curve 
of the 120 h immersion time, where the exposure time to 
the acidic solution was the highest, the capacitive curves 
were gradually distorted. As a result of all these 
parameters and high inhibition values, it can be 
commented that as the concentration increases, the 
protective inhibitor film formed on the surface grows and 
the metal surface is well closed. 
 
From all EIS diagrams, as the electrodes are exposed to 
acidic solutions, deviations from the semicircles, in other 
words frequency scattering, are clearly observed in the 
EIS plots. These scattering is actually caused by the 
increase of roughness on the metal surface due to 
prolonged exposure to the acidic solution. Among the 
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causes of high inhibition, which is also common in green 
type inhibitors, but involves almost all inhibitors, is the 
processes that occur in the high and low frequency 
regions of the Nyquist curves. Diffuse layer resistance 
(Rd) and charge transfer resistance (Rct) play a role in the 
inhibition in the high frequency part, on the other hand, 
in the low frequency area, the film resistance (Rf) in 
control of the film layer composed on the surface and all 
accumulated resistances (Ra) that are present with 
corrosion products on the metal surface generally play a 
dominant role in a corrosion process.30 
 
It can be said that percentages of inhibition in Table 2 are 
around 90% and above, except for a few values. In 
addition, the highest inhibition (99.2%) was obtained at 
the end of 120 h with the solution containing the highest 
amount of Lavandula extract. As can be seen from the 
results, it is possible to say that Lavandula molecules 
adsorb very well on the mild steel surface and cover the 
surface almost completely. Plant extracts called green 
usually involve complex secondary metabolites 
(phytochemicals) that can polarize certain functional 
groups and double bonds in their structures.31,32 These 
functional groups and double bonds are regions rich in 
electron. For this reason, these parts, which are rich 
electron sources, facilitate the adsorption of 
phytochemical-containing plant extracts to the metal 
surface. Phytochemicals are natural and at the same time 
therapeutic compounds synthesized in plants as 
secondary metabolites. Its high inhibition effect on 
corrosion is caused by secondary metabolites 
(phytochemicals) well-known to include molecules such 
as nitrogenous compounds, phenolic compounds, 
flavonoids, terpenes and alkaloids. All of these 
compounds are also quite a source of π-electrons. 
 
3.2. Evaluation of SEM images of mild steel 
electrodes 
 
Present study investigating the effect of Lavandula 
extract on the surface of mild steel was carried out by 
examining the surface micrographs obtained by SEM 
technique. In the first stage, the mild steel electrodes were 
removed from the immersed solutions for 120 h, cleaned 
and dried. Afterwards, the SEM images obtained by 
cutting of 0.5 cm from the electrode surface with a 
hacksaw without waiting are given in Figure 5.  
 
As can be easily seen from these surface micrographs, 
large black cavities in the form of recessions and pits are 
clearly monitored on the electrode surface kept in the 
blank solution. It can be said that the image of immersed 
in the blank solution is clearly oxidized and the surface is 
deteriorated. It is observed that the metal surface has a 
much smoother appearance, and the black cavities (pits) 

are almost absent with the Lavandula extract added to the 
acidic solution. In other words, it can be clearly 
emphasized that the electrode surfaces are the roughest in 
the blank solution, the black spots are quite large and 
numerous, and they have the smoothest appearance at the 
highest concentration.33 These results highly confirm 
each other with the long-term impedance results obtained 
with EIS.  
 

 

 
 
Figure 5. SEM images of electrodes immersed in hydrochloric 
acid solution for 120 h. 
 
These results indicate high inhibition as a result of the 
Lavandula extract covering the surface of mild steel very 
well, and at the same time, the smoother the surface with 
the addition of the extract can be shown as another proof 
that it provides a very good inhibition. 
 

4. CONCLUSIONS 
 
In this current study conducted to define the 
electrochemical behavior of mild steel, experiments were 
made with EIS at last of one, 24 and 120 h of immersion 
in uninhibited and inhibited solutions and the results are 
summarized below: 
 

• Lavandula extract, which is green and 
environmentally friendly, is intended to be used 
as an inhibitor for application at different 
immersion times against the mild steel corrosion 
in aggressive HCl solution and as a result, it has 
shown a very high inhibition performance. 
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• The impedance diagrams obtained at three 
different immersion times in both blank and 
inhibited solutions are in the form of a half 
ellipse. The radii of the semicircles in all 
inhibitor solutions are greater than those in the 
blank solution, and the radii enhanced as the 
inhibitor concentration raised. 
 

• As the exposure time enhanced in inhibited 
solutions, the diameter of the capacitive loop 
decreased. In both non-inhibitor and inhibitor 
solutions, CPE values raised with enhancing 
immersion time and decreased with raising the 
concentration of Lavandula extract. 

 
• Due to the increment in the inhibitor 

concentration, as the immersion time increased, 
the values of “the surface roughness coefficient: 
n” decreased, which can be interpreted as 
evidence of the adsorption of Lavandula extract 
molecules on the metallic surface. 

 
• After one, 24 and 120 h exposure times of the 

mild steel electrodes to the acidic solution, the 
inhibition performance for Lavandula extract 
was approximately between 78% and 99%. This 
ratio is quite high and this has been suggested as 
evidence that the number of molecules in the 
Lavandula extract adsorbed on the mild steel 
surface increases due to the increment in 
Lavandula extract concentration. 

 
• In the last stage of the study, the effect of 

Lavandula extract on the mild steel/solution 
interface was investigated using the SEM 
technique. On the electrode surface, which was 
kept in the acidic blank solution for 120 h, quite 
large and deep cavities (pits) were observed. On 
the contrary, when there is Lavandula extract in 
the acidic solution, it is very clear that these 
formed pits disappear or even become smaller. 
In other words, it was determined that the 
electrode surface in the blank solution was the 
roughest and the metal surface in the solution 
containing the Lavandula extract was the 
smoothest. 

 
• SEM and EIS findings were also very 

compatible with each other. 
 

• In the light of the results of this study, a plant 
extract called green inhibitor is a very useful and 
suitable inhibitor for the mild steel electrode in 
1.0 M hydrochloric acid, moreover, it was 
concluded that such inhibitors should be 

encouraged to increase their use because they 
are environmentally friendly and do not show 
toxic effects. 
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