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The role of aqueous ocimum basilicum extract for monitoring the 
corrosion inhibition of carbon steel used in sanitation plants and 
its effect on Escherichia coli 

ABSTRACT 

The inhibitive effect of aqueous plant extract of Ocimum Basilicum was tested as green corrosion 
extract for CS(CS) in 3.5% NaCl and 16 ppm Na2S. It has excellent inhibition efficiency (% P) of 
about 88% provided by weight loss, potentiodynamic polarization, electrochemical impedance 
spectroscopy (EIS), and electrochemical frequency modulation (EFM) measurements. The 
increase of the extract concentration leads to increase in the % P. The adsorption of the extract on 
the CS surface obeys Langmuir adsorption isotherm with physical adsorption on the metal 
surface. The analysis of EDX and SEM confirmed the formation of the extract precipitates on the 
metal surface, reducing the corrosion reaction.  The biological test of the extract on Escherichia 
Coli culture shows that there no effect on the biological activity of Escherichia Coli and can be 
applied safely without any harmful effect on sanitation plants. 
Keywords: Ocimum Basilicum, EDX -SEM, Sanitation plants, Escherichia coli. 

 

1. INTRODUCTION 

Metallic corrosion is attracting the attention of 
researches. Researchers all over the world are 
searching for some methods to avoid corrosion 
damage. Using extracts is an effective method to 
reduce corrosion rate [1].  Organic compounds are 
effective extracts of aqueous corrosion of many 
metals and alloys. The influence of organic 
compounds containing nitrogen, oxygen and 
sulphur atoms on the corrosion of the steel in acidic 
solutions has been investigated by several authors 
[2-7]. Such compounds can adsorb on the metal 
surface, blocking the active centers on the surface 
and thus reduces the corrosion rate. Extracts 
function by adsorption of ions or molecules onto 
metal surface. Sastri [8] in his review has given a 
vivid account of organic corrosion extracts 
including the classification and mechanism of 
action. He has attributed the corrosion inhibition 
potential to the donation of lone pair of electron to 
metal atoms. Most of  investigated  compounds are 
   
*Corresponding author: Abd El-Aziz S. Fouda 
E-mail: asfouda@mans.edu.eg 
Paper received: 18. 07. 2016. 
Paper accepted: 22. 08. 2016. 
Paper is available on the website: 
www.idk.org.rs/journal 

toxic and cause severe environmental hazards. 
The use of natural products of plant origin as 
corrosion extracts for some metals and alloys have 
been reported by several authors [9-23]. The 
activity of corrosion inhibition of plant extracts could 
be due to the presence of heterocyclic constituents 
such as, alkaloids, flavonoids, tannins, cellulose 
and polycyclic compounds. 

Ocimum Basilicum is particularly interesting 
because it is non-expensive, available, ecologically 
friendly acceptable and possess no threat to the 
environment. 

The present work is undertaken: a) To evaluate 

the inhibition efficiency (P) of an aqueous extract of 

Ocimum Basilicum in controlling the corrosion of 

CS in 3.5% NaCl and Na2S b) To investigate the 

influence of immersion period on the P of the 

system c) To analyze the protective film formed on 

the CS by SEM and EDX and d) Studding the 

biological effect of Ocimum Basilicum on 

Escherichia coli activity. 

2. EXPERIMENTAL 

2.1. Material composition of the sample 

The material used is CS which provided from 
Talkha sanitation plant, Egypt. The chemical 

mailto:asfouda@mans.edu.eg
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composition (wt %): 0.210 C, 0.004 Si, 0.360 Mn, 
0.250 P and the remainder is iron. 

2.2. Preparation of the extract (extract) 

An aqueous extract of Ocimum Basilicum plant 
was prepared by grinding a suitable amount of the 
plant leaves into a fine powder to give 500 g of 
powdered materials, a known quantity of the 
material was soxholated using doubled distilled 
water. Finally the extract was lyophilized, weighed 
and preserved at 4

o
C and used as and when 

required. The extract was used as corrosion extract 
in the present study. 

2.3. Preparation of bacterial agriculture media 

Suspend 50 g of the medium in 1 litter of 

distilled water and dissolve it by heating. Sterilize in 

autoclave at 121
o
C for 15 min. Cool to 45-50

o
C, 

mix well and dispense into plates. Allow the plates 

to solidify. The prepared medium should be at 8-

15
o
C. The color is violet-red. 

2.4. Solutions 

The aggressive solutions of 3.5 % NaCl and 16 

ppm Na2S was prepared by dissolving the required 

amount of salts in bi-distilled water. All chemicals 

were analytical-grade reagents. The experiments 

were carried out under non-stirred and naturally 

aerated conditions. The addition of the extract did 

not change the pH of the aggressive media. 

2.5. Weight-loss method 

A seven samples of CS of  2 × 2 × 0.1 cm as a 

dimension were polished using emery paper with 

different grits, followed by washing in ethanol and 

bi-distilled water, then immersed (complete immer-

sion) in 100 ml of the corrosive medium in a beaker 

containing various concentrations of the extract for 

about 180 min. The weights of the specimens 

before and after immersion were determined using 

a Digital Balance (Model Denver Instrument).  

2.6. Potentiodynamic polarization method  

A three electrode cell assembly was used. The 
working electrode was carbon steel. A saturated 
calomel electrode (SCE) was the reference electro-
de. Platinum foil (1cm

2
) was the counter electrode. 

From polarization study, corrosion parameters such 
as (Ecorr), corrosion current (icorr), Tafel slopes 
anodic = βa and cathodic = βc were calculated and 
polarization study was done. The scan rate was 1 
mVs

-1
. 

2.7. Electrochemical impedance spectroscopy 
(EIS) method  

Impedance measurements were carried out 
using AC signals of amplitude 5 mV peak to peak 
at the open-circuit potential in the frequency range 

100 kHz and 0.2 Hz. The real part (Zreal) and 
imaginary part (Zimag) of the cell impedance were 
measured in ohms at various frequencies. Values 
of charge transfer resistance (Rct) and double layer 
capacitance (Cdl) were calculated.  

2.8. Electrochemical frequency modulation (EFM) 
method  

Electrochemical frequency modulation was 

carried out using two frequencies 2 and 5 Hz. The 

base frequency was 0.1 Hz, so the waveform 

repeats after 1s. The Intermodulation spectra 

contain current responses assigned for harmonical 

and intermodulation current peaks. The larger 

peaks were used to calculate the corrosion current 

density (icorr), the Tafel slopes (βc and βa) and the 

causality factors CF-2&CF-3 [24]. 

All electrochemical experiments were carried 

out using Potentiostat/Galvanostat/Zra analyzer 

(Gamry PCI300/4). A personal computer with 

DC105 software for polarization, EIS300 software 

for impedance, EFM140 software for electroche-

mical frequency modulation and Echem Analyst 

5.21 was used for data fitting and calculating. 

2.9. Surface examination study 

The scanning electron microscopy (SEM) 

model JSM-6390AL was used to examine the 

specimen surface before and after immersion in 

corrosive media for 1 day. Meanwhile, the energy 

dispersive spectrometer (EDX) was used to 

analyze the elements in the specimen. 

3. RESULTS AND DISCUSSION 

3.1. Weight loss measurements 

Weight loss of CS in 3.5% NaCl and 16 ppm 
Na2S in the presence of different concentration of 
Ocimum Basilicum extract is measured and plotted 
in Figs. 2a to 2d. From these figures, the weight 
loss was found to decrease in the presence of the 
studied extract. As the result the surface coverage 
(θ) and % P of the extract will increase more 
clearly, which is listed in Table1. This surface 
coverage (θ) and %p were calculated using the 

following equation:  

% P = θx100 =   × 100  (1) 

where Wo and Wi are the weight loss in absence 

and presence of extract, respectively. The optimum 

value of inhibition was obtained at the concen-

tration of 300 ppm about 90.2% inhibition. This 

indicates that the adsorption process between the 

adsorbate (extract) and the CS surface was 

efficiently achieved and led to the formation of a 

metal-extract interaction [25].  
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Table 1- Effect of Ocimum Basilicum extract concentrations on weight loss (mg cm
-2

) and inhibition 
efficiency (% P) of CS in 3.5% NaCl + 16 ppm Na2S at different temperatures 

Conc. ppm 

25 
o
C 30 

o
C 35 

o
C 40 

o
C 

Weight 
loss mg 

cm
-2 

% P 
Weight loss 

mg cm
-2

 
% P 

Weight loss 
mg cm

-2
 

% P 
Weight loss 

mg cm
-2

 
% P 

Blank 0.70710 ------ 0.73230 ------- 0.77020 -------- 0.83333 -------- 

50  0.33928 52.0 0.39457 46.1 0.50612 34.3 0.58053 30.3 

100 0.28349 59.9 0.32797 55.2 0.39687 48.5 0.47258 43.3 

150 0.19097 73.0 0.23896 67.4 0.280576 63.6 0.33877 59.3 

200 0.13425 81.0 0.17564 76.0 0.22723 70.5 0.27897 66.5 

250  0.08580 87.9 0.12389 83.1 0.17563 77.2 0.22723 72.7 

300 0.06914 90.2 0.09390 87.2 0.11864 84.6 0.16798 79.8 
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d) 

Figure 2a-2d - Weight loss-time curves for the corrosion of CS in sulfide polluted salt water in absence 

and presence of Ocimum Basilicum extract at temperature 25
o
C - 40

o
C 

3.2. Effect of Temperature 

The effect of temperature on the corrosion rate 
of CS in 3.5% NaCl and 16 ppm Na2S in absence 
and presence of different concentration of Ocimum 
Basilicum extract was studied at different 
temperatures (25-40

o
C) by weight loss method. 

The data of Table 1 and Fig. 3 show that (%P) 
decreases as the temperature increases due to the 

desorption of extract molecules from the CS 
surface, and hence low surface coverage was 
obtained. Also, (%P) increases with increasing 
extract concentration. The corrosion reactions are 
usually regarded as Arrhenius processes and the 
rate (k) can be expressed by the relation in Eq. (2):  

k = A e
( - E* a/RT )

 (2) 



Abd El-Aziz S. Fouda et al. The role of aqueous ocimum basilicum extract for monitoring the ... 

ZASTITA MATERIJALA 57 (2016) broj 4 586 

where k is the corrosion rate, E
*
a is the apparent 

activation energy, R is the universal gas constant, 

T is the absolute temperature, and A is the 

frequency factor. Fig.4 is Arrhenius plot (log k 

against the reciprocal of temperature (1/T)) for CS 

in 3.5% NaCl and 16 ppm Na2S in the absence and 

presence of different concentrations of Ocimum 

Basilicum extract. Straight lines of high correlation 

coefficients were obtained. The values of activation 

energy, Ea
*
were 8.5, 50.0 k J mol

-1
 for the blank 

and in the presence of the extract, respectively. 

Also, since the activation energy, Ea
* 
is more than 

40 kJ mol
-1

, the process is diffusion controlled [26]. 

The increase of Ea
* 

in the presence of the extract 

indicates the physical adsorption or weak chemical 

bonding between the extract molecules and CS 

surface [27]. Enthalpy and entropy of activation 

(ΔH
*
, ΔS

*
) are calculated from transition sate theory 

using the following equation [28]. 
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Figure 3 - The effect of extract concentration and temperature on the inhibition efficiency of 
Ocimum Basilicum extract. 
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Figure 4 - Arrhenius plots for the corrosion rate of CS in sulfide polluted salt water in absence and 

presence of Ocimum Basilicum extract at different temperatures 
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An alternative formulation of Arrhenius eq.: 

k = RT/Nh exp (ΔS
*
/R exp (−ΔH

*
/RT)  (3) 

where h is the Planck’s constant and N is the 

Avogadro’s number. Fig. 5 shows a plot of log k/T 

as a function of 1/T for carbon steel. Straight lines 

were obtained with a slope of −ΔH
*
/R and an 

intercept of ln R/Nh + ΔS
*
/R from which the values 

of ΔH
*
 and ΔS

*
 were calculated for the blank and 

the extract. The values of the activation enthalpy, 

ΔH
*
 were 18.0 and 49.4 kJ mol

−1
 and the values of 

the activation entropy, ΔS
*
 were −147.9, − 272.5 J 

mol
−1

K
−1

 for the blank and the extract, respectively. 

The entropy of activation in absence and presence 

of extract is large and negative. This implies that 

the activated complex in the rate determining step 

represents an association rather than a 

dissociation step, meaning that a decrease in 

disordering takes place on going from reactants to 

the activated complex [29,30]. The positive sign of 

ΔH
*
 indicates that the corrosion process is 

endothermic one. 
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Figure 5 - Log (k/T) versus 1/T for CS in sulfide polluted salt water in absence and presence of Ocimum 

Basilicum extract at different temperatures 

3.1.2- Adsorption isotherms 

Adsorption isotherm is importance to explain 
the mechanism of corrosion extract of organo 
electrochemical reactions. Process of adsorption 
occur when a liquid or gas accumulates on the 
surface of a solid or liquid, forming a molecular or 
atomic film. Assuming that the studied extract 
affect the rate of the corrosion process mainly 
through the variation of the degree of surface 
coverage (θ). Consequently, the inhibition 
efficiency is a function of the electrode surface 
covered by the extract molecules, i.e.  θ = 10

2
 × 

%P. Attempts were made to fit the relationship 
between θ and the bulk concentration of the extract 
used at a certain given temperature in order to give 
an insight into the adsorption process. Several 
adsorption isotherms are commonly tried to 
characterize the extract performance and the best 
fit was obtained using Langmuir isotherm, which 
assumes that the solid surface contains a fixed 

number of adsorption sites and each site holds one 
adsorbed species [31], in good agreement with the 
following Eq.: 

C/Ɵ = I / Kads + C (4) 

where Kads is the equilibrium constant of the 
adsorption process. Variation of (C/θ) with extract 
concentration (C) presented in Fig. 6 suggests that 
there is no attraction or repulsion forces between 
the adsorbed molecules, since a linear relationship 
is obtained with a slope equal to unity and intercept 
equal to (1/ Kads), Kads being related to the standard 
free energy of adsorption (ΔG

o
ads) by the relation: 

Kads =  (1/55.5) exp (-ΔGads
0
/RT)         (5) 

where the constant 55.5 is the molar 

concentration of water in solution and R is the 

universal gas constant. By applying Eq. (6), 

different values of ΔG
o
ads of the extract as a 

function of temperature in the domain 298-313 K 

were obtained and listed in Table1. Fig.7 shows 
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that the dependence of ΔG
o

ads on the absolute 

temperature (T) gives linear plot with a slope equal 

to the entropy of adsorption (ΔS
o
ads) and intercepts 

equal to the enthalpy of adsorption (ΔH
o
ads), 

according to the following Eq.: 

ΔG
o
ads = ΔH

o
ads - T ΔS

o
ads  (6) 
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Figure 6 - Langmuir adsorption isotherm for Ocimum Basilicum extract at different temperature 

for the CS in sulfide polluted salt water 
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Figure 7 - Log Kads vs 1000/T for the corrosion of the CS in presence of Ocimum Basilicum extract. 

 

The various thermodynamic functions for the 
adsorption process (K

o
ads, ΔG

o
ads, ΔH 

o
ads, and   

ΔS
o
ads) are given in Table 2. It is generally obvious 

that ΔG
o
ads has increasingly negative value, as the 

% P increases, which indicates that the tested 
extract is adsorbed spontaneously on CS surface 
forming a relatively stable adsorbed layer. The va-
lues of ΔG

o
ads  is ranged from 15.8 to17.4 kJ mol

-1
, 

indicating that the adsorption mechanism of the 

Ocimum Basilicum on CS surface involves physical 
adsorption. The K

o
ads follows the same trend in the 

sense. The negative sign of ΔH 
o
ads reveals that 

adsorption of the extract on CS surface is an exo  
thermic process. Such behavior can be explained 
on the basis that temperature rise causes de-
sorption of some adsorbed extract molecules of the 
metal surface and consequently leads to formation 
of surface organic layer having lower protection. 
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Table 2 - Adsorption parameters for CS in absence 
and presence of various concentration of 
Ocimum Basilicum extract 

Temp. 
K 

-Log Kads -ΔG
o

ads 

kJ mol
-1

 

- ΔH
o
 

kJ mol
-1

 

- ΔS
o
 

kJ mol
-1

 

298 1.19350 15.8 

24.7 

 

0.02943 

303 1.12188 16.1 0.02804 

308 0.97189 17.0 0.02598 

313 0.94840 17.4 0.02339 

3.2. Polarization measurements 

Polarization measurement is the technique 

which gives the mechanism of the inhibition. The 

changes observed in the polarization curves after 

addition of the extract are usually used as criteria 

to classify extracts as cathodic, anodic or mixed. 

Tafel polarization curve for CS in 3.5% NaCl and 

16 ppm Na2S solution containing various 

concentrations of Ocimum Basilicum at 25
o
C was 

recorded. Fig. 8 shows a typical example for 

Ocimum Basilicum. 
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Figure 8 - Potentiodynamic polarization curves for the corrosion of CS in sulfide polluted salt water in the 

absence and presence of different concentrations of Ocimum Basilicum extract at 25
o
C 

 

The values of inhibition efficiency percentage 
%P and the degree of surface coverage Ɵ at each 
concentration was calculated using the equation 
[32, 33]: 

% P = Ɵ × 100 = [1 – (icorr(inh) / icorr)] × 100  (7) 

where icorr and icorr(inh) are the corrosion current 

densities of uninhibited and inhibited solution, 

respectively. From Table 3, the increase in the 

extract concentration from 50 to 300 ppm was 

accompanied by a decrease in icorr and an increase 

in %P from 45.8 to 88.5% for Ocimum Basilicum. 

These results lead to the conclusion that the 

investigated extract is fairly efficient extract towards 

CS dissolution in the corrosive medium. The 

positive shift in Ecorr indicates an increase in the 

effectiveness of the cathodic process, which in turn 

decreases the rate of the anodic one [34,35]. Also, 

the data of Table 3, the anodic Tafel slope (βa) is 

higher than βc and slightly decreases on increasing 

the concentration of the extract. This indicates that 

addition of the extract dose not modify the 

mechanism of the corrosion of CS in the corrosive 

medium. The fact that βa value is higher than βc can 

be attributed to a surface kinetic process rather 

than a diffusion-controlled one [36], indicating that 

the inhibition mode of Ocimum Basilicum is by 

simple blockage of the surface via adsorption. 

Increasing extract concentration increase the 

degree of surface coverage by the adsorbed 

inhibiting species by the donor atoms of the 

oxygen, electron clouds of the benzene rings, and 

also the bulky group of the extract, which hinder 

the diffusion of ions to or from the electrode surface 

[37]. This in turn leads to a decrease in the anodic 

dissolution current density of carbon steel. 
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Table 3 - The effect of concentration of Ocimum Basilicum extract on the electrochemical parameters 
calculated by using potentiodynamic technique for corrosion of CS in sulfide polluted salt water at 
25

o
C 

Conc. ppm 
-Ecorr, mV 
vs SCE 

icorr,  

µA cm
-2

 

-βc,  

mV dec
-1

 

βa,  

mV dec
-1

 

C.R 

mmy
-1

 
θ % P 

Blank 1040 264 320 507 120 ------ ----- 

50 913 143 244 349 65 0.458 45.8 

100 907 110 270 488 50 0.584 58.4 

150 713 85 246 369 39 0.676 67.6 

200 699 49 248 357 22 0.814 81.4 

250 670 36 246 363 16 0.865 86.5 

300 694 30 244 361 14 0.885 88.5 

 

3.3. Electrochemical impedance spectroscopy 
(EIS) measurements 

Impedance measurements provide information 
on both the resistive and capacitive behavior of the 
interface, evaluation on the performance of studied 
compounds as possible corrosion extract, and 
investigation of the corrosion inhibition processes. 
Corrosion behavior of CS in 3.5% NaCl and 16 
ppm Na2S with and without Ocimum Basilicum 
extract was investigated by using electrochemical 
impedance spectroscopy (EIS) measurements. The 
charge-transfer resistance (Rt) values are 
calculated from the difference in impedance at 
lower and higher frequencies, as suggested by 
Tsuru et al [38]. The double-layer capacitance (Cdl) 

and the frequency at which the imaginary 
component of the impedance is maximal ( -Zmax ) 
are found as represented in the following equation: 

tmax
dl

R f 2

1
C


  (8) 

where fmax is maximum frequency at which the 
imaginary component of the impedance ( Zim ) is 
maximum at Rt is diameter of the loop. The 
inhibition efficiency got from the charge transfer 
resistance is calculated by: 

%EEIS =   100 × [1 – (Rt / Rt/inh)] (9) 

Rt and Rt/inh are the charge-transfer resistance 
values without and with extract, respectively. 

 

Table 4 - Electrochemical kinetic parameters obtained by EIS technique for the corrosion of CS using 
Ocimum Basilicum extract as extract in sulfide polluted salt water at 25

 o
C. 

Conc., 
ppm 

Rs 

Ω cm
2
 

Cdl  
µFcm

-2
 

n 
Rct 

Ω cm
2
 

θ % P  

Blank 5.561 163.74 0.867 31.72 ---- ---- 

50 4.021 93.00 0.883 105.43 0.438 43.8 

100 4.511 72.19 0.864 298.16 0.565 56.5 

150 4.984 57.70 0.892 393.46 0.654 65.4 

200 4.890 36.35 0.856 503.82 0.784 78.4 

250 4.128 26.08 0.877 587.28 0.853 85.3 

300 4.766 22.36 0.898 627.63 0.876 87.6 

 

Figure 9 showed the results of EIS experiments 

in the Nyquist representation. After analyzing the 

shape of the Nyquist plots, it is concluded that the 

curves approximated by a single capacitive semi-

circles, showing that the corrosion process was 

mainly charge transfer controlled [39]. The fact that 

impedance diagrams have an approximately 

semicircular appearance shows that the corrosion 

of CS is controlled by a charge transfer process. 

The general shape of the curves is very similar for 

all samples, indicating that almost no change in the 

corrosion mechanism occurred due to the extract 

addition [40]. The diameter of Nyquist plots 

increases on increasing the extract concentration. 

These results suggested that the inhibition 

efficiency increases by increasing extract 

concentrations. It was observed from the obtained 

EIS data the charge transfer resistance (Rct) 
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increases and double layer capacitance (Cdl) 

decreases with the increasing of extract 

concentrations. The increase in Rct
 
values, and 

consequently of inhibition efficiency, may be due to 

the gradual replacement of water molecules by the 

adsorption of the extract molecules on the metal 

surface to form an adherent film on the metal 

surface by the film decreases the double layer 

thickness. The results indicate good agreement 

between the values of corrosion efficiency as 

obtained from the impedance technique and 

polarization measurements. It was concluded that 

the corrosion rate depends on the chemical nature 

of the electrolyte rather than the applied technique 

[41]. The EIS data were simulated using equivalent 

electric circuits as shown in Fig.10 where RS 

represents the solution or electrolyte resistance, Cdl 

the double layer capacitance, Rct the charge 

transfer resistance. 
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Figure 9 - Nyquist plots recorded for the CS in sulfide polluted salt water in the absence and presence of 

different concentrations of Ocimum Basilicum extract at 25
o
C 

 

Figure 10 - Electrical equivalent circuit used to fit impedance data 
 

3.3. Electrochemical frequency modulation (EFM) 
measurements 

Intermodulation spectra obtained from EFM 
measurements are presented in Fig.(11a,b) as 
examples of CS in 3.5% NaCl and 16ppm Na2S 
containing 300 ppm of Ocimum Basilicum extract at 
25˚C. Each spectrum is a current response as a 
function of frequency. The corrosion kinetic 
parameter of Ocimum Basilicum extract at different 
concentration in 3.5 % NaCl and 16 ppm Na2S, are 
calculated and listed in Table 5 at 25

o
C giving the 

values of (icorr, βc, βa, CF-2, CF-3, and % P). 

According to Table 5, the increase in the 

Ocimum Basilicum concentration is followed by 

decreasing in corrosion current densities and 

increasing in inhibition efficiencies. The causality 

factors according to Table 5 are very close to 

theoretical values which according to EFM theory 

should guarantee the validity of Tafel slope and 

corrosion current densities. Values of causality 

factors in Table 5 indicate that the measured data 

are of good quality [42]. The standard values for 

CF-2 and CF-3 are 2.0 and 3.0, respectively. The 

obtained results showed good agreement of 

inhibition efficiency obtained from the weight loss, 

potentiodynamic polarization, EIS and EFM 

methods. 
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Table 5 - Electrochemical Kinetic parameters obtained by EFM technique for CS in 3.5%NaCl+16 ppm 
Na2S alone and with different concentrations of Ocimum Basilicum extract at 25

o 
C 

% P Ө 
C.R,  

mmy
-1 CF-3 CF-2 

βc,  

mV dec
-1

 

βa,  

mV dec
-1

 

icorr., 

µA cm
-2

 

Conc. 

 ppm 

------ ------ 309.9 2.891 1.933 186 135 678.2  blank 

44.9 0.449 170.9 2.882 1.892 206 148 374.0 50 

58.2 0.582 129.5 2.993 1.954 214 114 283.5 100 

66.6 0.666 103.4 2.979 1.994 169 90 226.4 150 

80.6 0.806 60.2 2.987 1.987 181 113 131.7 200 

86.3 0.863 42.3 2.993 1.990 213 134 92.6 250 

87.9 0.879 37.6 2.988 1.995 196 115 82.2 300 
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Figure 11a-b - Intermodulation spectrum for CS in sulfide polluted salt water in absence and presence 
of 300 ppm of Ocimum Basilicum extract at 25

o
C 

 

3.5. Surface Characterization 

Figure 12a represents the image of CS surface. 

Figure 13a gives us the oxide film formed on the 

metal surface after immersion in the corrosive 

media for about 5 days making the surface be 

distorted by a porous layer of oxide film. Fig. 14a 

shows how the extract can absorbed and form a 

thin layer on the metal surface making a 

passivation from the corrosive media making the 

surface free from any damage and be smooth. 

Figure 12b is the SEM spectroscopy of the CS 
surface only without any addition. The 
characteristic peaks are related to the metal 
sample. Figure 13a representing the SEM peaks of 

the metal surface after immersion in 3.5% NaCl 
and 16ppm Na2S for about 5 days, and the peaks 
is related to surface elements with the oxide film 
formed on it, that we found peaks of Fe, Mn, Cl, 
Na, S, and Oxygen atoms. Figure 14a representing 
the peaks of the metal surface after immersion in 
300 ppm of Ocimum Basilicum with the corrosive 
medium for about 5 days. We found the peak of Fe 
element decreases and the peak of oxygen is 
raising, this indicates that the extract covers the 
metal surface and the Fe atoms become less than 
in Fig.13a, so the passivation occurred and prevent 
the formation of the oxide layer to be formed. So 
that Ocimum Basilicum extract is a good extract for 
CS at 300 ppm concentration. 
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Figure 12a - EDX of pure CS surface 

 
Figure 13a - EDX of CS surface after immersion in 

the corrosive media for 5days 

 

Figure 14a - EDX of CS surface after immersion in 
the corrosive media and 300ppm Ocimum 

Basilicum extract for 5 days 

 

Figure 12b - SEM of pure CS surface 

 

Figure 13b - SEM of CS surface after immersion in 
the corrosive media for 5days 

 

Figure 14b - SEM of CS surface after immersion in 
the corrosive media and 300 ppm Ocimum 

Basilicum extract for 5 days 

3.4. Biological Effect of Ocimum Basilicum on 
Escherichia Coli 

A bacterial agriculture of Escherichia Coli is 

operated in absence and presence of Ocimum 

Basilicum extract. It was found that no effect on the 

activity of Escherichia Coli which presented in 

Table 6 and Fig.15. 

Table 6 - Results obtained from the plate counter 
for bacterial agriculture 

CFU mean) CFU  (R2) CFU   (R1) Samples 

92 ×104 95 × 104 89 × 104 Control 

90 × 104 93 × 104 86 × 104 
Ocimum 
Basilicum 
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The reason for this phenomenon is due to the 

Ocimum Basilicum structure, which has an oxygen 

donor atom, and it thought that it attached with the 

proteins and lipids of the bacterial tissues helping it 

in respiration process. So this extract has no 

toxicity on the bacterial activity, and can be applied 

safety on the sanitation plants without any 

problems in the treating operations. 

 

  

  

 

 

 

Blank 

The bacterial agriculture                                                                             
in presence of 300 ppm of 

Ocimum Basilicum 

 

Figure 15 - The bacterial agriculture in absence and presence of Ocimum Basilicum extract 

3.5. Mechanism of corrosion inhibition 

The polar organic compounds exist in the 
extract are adsorbed on the CS surface, forming a 
charge transfer complex between their polar atoms 
and the CS surface. The size, shape and orienta-
tion of the molecules and the electronic charge on 
it determine the degree of adsorption and hence 
the effectiveness of the extract [43,44]. Ocimum 
Basilicum extract is most efficient extract because 
the presence of larger number of benzene rings in 
their molecules which contribute the electrons to 
the adsorption active centers and hence increases 
the electron density on the adsorption centers on 
the CS surface, leading to controlling the anodic 
metal dissolution and cathodic hydrogen evolution. 
The adsorption rate is usually rapid and hence the 
reactive centers on the metal surface are shielded 
from the aggressive environment. 

4. CONCLUSION 

According to the obtained results, the following 
conclusions can be drawn: 

1. Ocimum Basilicum extract acts as corrosion 
inhibitor for CS in sulfide polluted salt water, 
giving efficiency reaches to 88.5% at 300 ppm 
concentration. 

2. The adsorption of Ocimum Basilicum on the CS 
follows Langmuir adsorption isotherm, it was 
proved to be an effective eco-friendly and low 
cost extract. 

3. The negative free energy (-ΔG
o
ads) of adsorption 

indicates strong and spontaneous adsorption of 
Ocimum Basilicum extract on the CS surface. 

4. Values of Tafel constant (βa and βc) confirm that 
the extract is a mixed type but predominant 
cathodic effect. 

5. The inhibition efficiency determined by different 
electrochemical methods is in reasonable good 
agreement. 

6. This extract has no effect on the biological 
activity of Escherichia Coli, and can be applying 
safety on sanitation plants. 
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IZVOD 

ULOGA VODENIH OCIMUM BASILICUM EKSTRAK               
INHIBICIJE KOROZIJE UGL   IČ IH Č LIK  KO IŠ   IH U S  I    IM 
POSTROJENJIMA I NJIHOV UTICAJ NA Escherichia coli 

Efekat vodenog ekstrakta bilja Ocimum basilicum je testiran kao ekstrakt zelene korozije za CS 
(CS) na 3,5% NaCl i 16 ppm Na2S.                e  k         h      e (  p      k     , p   
 e e         e         k   e   e, p  e           ke p          e, e ek   he    ke   pe    e 
( IS    e ek   he    ke   ek e    e          e (          e    e k   e       e ek    k          
do pove             A    p     ek    k      CS p   š    p     L                p          e    
        k        p         p   š     e      A        DKS   S   p    đ  e         e  e ek    k   
    e      p   š           e  e k     k      e  B    šk   e   ek    k   na Escherichia Coli kulture 
p k    e     e     k k                   šk   k           he   h             e  e  e  e    
p   e      e  š e     e ek               p      e     
Ključne reči: Ocimum Basilicum, EDX -SEM, sanitarna postrojenja, Escherichia coli. 
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