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Introduction
Corrosion is the deterioration of a metal by an attack or a chemical 
reaction with its environment. It is a constant and continuous 
problem, often difficult to eliminate completely. Corrosion affects 
most industrial sectors and can cost billion dollars each year [1]. 
The use of the inhibitors to prevent the process of dissolution of 
metals remains an inevitable and very widespread application. 
The corrosion inhibitors are substances which, when they are 
added to weak concentrations in corrosive mediums, decrease or 
prevent the reaction of metal with its environment.

An inhibitor can function by adsorption on metal surface thus 
involving the reduction speed corrosion by:

(a) - an increase in the kinetics of the anodic and/or cathodic 
reaction, (b) - a fall the speed of diffusion of the reagents on the 
surface of metals, (c) - a reduction in the electrical resistance of 
metal surface. What makes it possible to define the type of the 
inhibitor used (anodic, cathodic or mixed) [2].

Considerable efforts are made to find the compounds suitable 
to employ like corrosion inhibitors in various corrosive mediums 
in order to stop or to delay to the maximum the attack of a 
metal. Several works were completed on the nitro genized 
organic compounds and showed that these inhibitors have a 
good inhibiting effectiveness on various materials and in various 
corrosive mediums [3,4]. However, these compounds present 
toxic effects on the organization and poison the environment [5]. 
Consequently, because as of environmental concerns, oils and 
the extracts of plants are regarded more and more as a source 
of green inhibitors of corrosion [6,7]. They are used for the 
protection of metals in the environment; in order to replace the 
toxic chemical products used currently [8].

One examined the inhibition of the corrosion of essential the 
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celery oil extracts, in HCl 1 M [8]. Such positive results inspired 
our team to examine the use of celery as corrosion inhibitor 
of steel in a medium HCl 1 M of celery belongs to a family des 
Apiaceae, it is known by its properties antioxydants and the 
modes containing these antioxydants can reduce the risk of 
the fungic diseases, diuretic, analgesic, anti-inflammatory drug, 
the detoxication, anti-bacteria antispasmodic, of the rules 
constraining, anti-contractions, of the convulsions, tonics of the 
stomach and carminative [9,10].

The objective of this work is to study by electrochemical 
polarization and methods of spectroscopy of impedance 
electrochemistry (EIS), the effect of celery on the corrosion of 
steel in solution HCl 1 M, the effect of the concentration, time of 
immersion and the temperature were also studied.

Materials and Methods
The steel used in this study is a carbon steel (carbon steel C35E 
and the American specification: SAE 1035) with a chemical 
composition (en% in weight) (0.370% of C) (0.230% If) (Mn 
0.680%), (0.016% S) (0.077% Cr) (Ti 0.011%) (0.059% Ni) (Co 
0.009%) (Cu 0.160%) and the iron rest (Fe). The samples of 
carbon steel were pretreated before the experiments by crushing 
with paper emery Sic (120, 600 and 1200), then one rinses with 
distilled water, degreased in acetone in an immersion in a bath 
with ultrasounds during 5 min, one again washes them with 
water distilled and then dried with the room temperature before 
use. The acid solutions (HCl 1 M) were prepared by dilution of an 
analytical quality of reagent HCl with 37% of water bi-distilled. 
The beach of celery concentration employed was 2-0, 5 (G/L) [11].

Measurements of weight loss
The sheet steels of 1.6 × 1.6 × 0.07 cm dimensions were 
sandpapered with various qualities of emery papers, washed 
with distilled, degreased with acetone and dried water. After 
heavy with precision by a digital balance with a great sensitivity 
the samples were immersed in a solution containing a solution 
of HCl 1 M with or without various concentrations of the studied 
inhibitor. After the period of immersion in the steel samples 
were washed with bi-distilled water, degreased and dried, then 
weighed. The measures were taken with the definite time interval 
of 6:00 with room temperature by using an analytical balance 
(precision ± 0.1 Mg).

Electrochemical measurements
Electrochemical measurements were carried out using VoltaLab 
PGZ 100 controlled by ordinate associated with the software 
“Volta Master degree 4”. The cell of corrosion used had three 
electrodes. The temperature was controlled by thermostat. The 
electrode of work is out of carbon steel with the surface of 1 cm2.

A calomel electrode saturated (SCE) was used as reference. All 
the potentials are given compared to this electrode. The counter-
electrode is a plate of platinum of surface of 1 cm2. Calomel 
electrode saturated was used as reference and an electrode out 
of platinum is used as counter-electrode. All the potentials are 
reported compared to SCE. All the electrochemical tests were 
carried out in solutions aired to 308 K.

For the curves of polarization, the electrode of work is immersed 
in the solution of test during 30 minutes until a state of potential 
of stable open circuit (EOCP) was obtained. The scanning rate 
was of (1 mV/S) started starting from an initial potential of 
-900 mV to -100 mV (vs SCE). Curves of quasi-potentiostatic 
polarization were obtained by using a rate of 1 MVS-1 sweeping. 
After the determination of the current to the stable condition 
with a given potential, the tension of sinusoidal wave (10 mV) 
peak with peak, at frequencies ranging between 100 Khz and 10 
MHz were superimposed on the potential of rest. Automatically 
controlled computer programs mesures taken with the potential 
of rest after 30 min of exposure. All the potentials are reported 
compared to the calomel electrode saturated (SCE). The diagrams 
of impedance are given in the representation of Nyquist. The 
best half-circle can be in form through the points of data in the 
diagram of Nyquist by using an adjustment of least squares non-
linear to give the intersections with the x axis.

Results and Discussion
Effect of concentration
Curves of polarization: Cathodic and anodic curves of polarization of 
C35 steel, in absence and in the presence of Celery graveolens L. in 
HCl 1 M with various concentrations are presented in Figure 1.

Table 1 gathers the values of the electrochemical parameters given 
starting from the curves of polarization previously obtained, the 
density of current of corrosion (Icorr), the potential of corrosion 
(Ecorr), the cathodic slope of Tafel (bc) [12], the anodic slope of 
Tafel (Ba) as well as the effectiveness of inhibition (E%) which is 
defined by [13]:

E (%)=1-Icorr/I°corr × 100

I°corr and Icorr are the values of density of current of corrosion 
with and without inhibitor respectively, determined by the 
cathodic line extrapolation of Tafel to the potential of corrosion.

The examination of Figure 1 show that for the curve of witness, 
the potential more negative than -500 mV presents a stage of 
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Figure 1 Curves of Celery graveolens L. polarization in HCl 1 M 
with various concentrations.
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ERt (%)=(Rt-R°t) /Rt × 100                                    (2) 

Where Rt and R°t are respectively the values of the resistance of 
transfer of charge of steel with and without addition of inhibitor. 
The resistance of transfer of load is calculated starting from 
diameter of the capacitive loop. The values of the capacity of the 
Cdl dual-layer are given starting from the following relation [17]: 

Cdl=1 (2πfmax Rt)                                   (3) 

With Cdl is the capacity of the dual-layer in (µF.cm-2), fmax is the 
maximum frequency (Hz) and Rt is the resistance of transfer of 
load (kΩ.cm2) [18].

The diameters of the capacitive half-loops increase with the celery 
concentration, indicating that the effectiveness of inhibition is 
function of the concentration of the inhibitor. These graphs consist 
of only one buckles capacitive. This kind of diagram generally 
states that the reaction of corrosion is controlled by a process 
of transfer of charge on a solid electrode of heterogeneous and 
irregular surface. The general shape of the diagrams is very 
similar for all the tests. This indicates that almost no change of 
the mechanism of corrosion occurred because of the addition of 
inhibitor [19,20]. The values of the electrochemical parameters 
and the effectiveness of inhibition (E%) for various concentrations 
in inhibitor obtained by the electrochemical spectroscopy of 
impedance are presented in Table 2.

From the results of impedance given in Table 2, one concluded 
that the values of the resistance of transfer of Rt load increases 

diffusion. This indicates the influence of transport of mass on the 
cathodic process. The reduction of oxygen in the cathodic zone is 
under control of a mixed process (/activation diffusion) [11].

The density of current is obtained by extrapolation of the curve 
intensity-potential after correction of diffusion, using following 
relation [14,15]:

1/I=1/I*+1/IL

I: The measured current, corresponding to the mixed process; I*: 
The corrected current of the diffusion; IT: The current of stage of 
diffusion.

Addition of the Celery graveolens L. moves the curves of 
polarization towards cathodic potentials. Moreover, one notes 
that, the increase in the concentration of this last in the corrosive 
medium decreases the density of current cathodic, and that the 
total shape of the cathodic curves is not almost modified. What 
indicates that the cathodic process does not change according to 
the concentration of the inhibitor [16].

The anodic process is roughly constant thus one can say that 
the presence of Celery graveolens L. does not have an effect on 
the anodic branch corresponding to dissolution of metal. These 
results indicate that celery acts primarily like a cathodic inhibitor.

The results of Table 1 show that the density of current of Icorr 
corrosion decreases considerably with the increase in the celery 
concentration, the potential of Ecorr corrosion moves towards 
more negative values. Consequently, effectiveness of inhibition E 
(%) increased with the concentration of P1 to reach a maximum 
value from 96.66% to 1 g/l. One can note that from 2 g/l it is 
the effectiveness remains almost constant due to a problem of 
miscibility of celery in HCl.

The Electrochemical Spectroscopy of Impedance (SIE): The 
purpose of the diagrams of electrochemical impedance plotted 
with a potential E equal to Ecorr for various concentrations, are to 
supplement the comprehension of the mechanisms of corrosion 
and inhibition of C35 steel in HCl 1 M. 

The diagram of Nyquist of the steel immersed in solution HCl 1 M in 
the absence and in the presence of various celery concentrations 
after 30 minutes of immersion are presented on Figure 2, the 2 
values of the electrochemical parameters and the effectiveness 
of inhibition ERt (%) for various celery concentrations obtained by 
electrochemical spectroscopy of impedance are joined together 
in Table 2 the effectiveness of inhibition is calculated starting 
from the values of the resistance of transfer of load Rt according 
to the relation: 

Ecor (mv) Icor (mA /
cm2) Bc (mv) Ba (mv) E%

témoin -498 840 -105 99 -
0.5 g/l -482 71 -95 74 91.54
1 g/l -463 28 -94 76 96.66

1.5 g/l -471 47 -93 77 94.40
2 g/l -473 54 -86 60 93.57

Table 1 Electrochemical parameters of steel with various celery 
concentrations in HCl 1 M and the corresponding effectiveness of 
inhibition.

Rt (ohm.cm2) Cdc (µF/cm2) E%
Témoin 40 294 -
0.5 g/l 231 108 83
1 g/l 558 89 93

1.5 g/l 325 97 87
2 g/l 414 91 90

Table 2 Electrochemical parameters and effectiveness of inhibition of the 
corrosion of steel in HCl 1 M without and with addition of various celery 
concentrations.
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Figure 2 Diagrams of Nyquist obtained for steel in HCl 1 M with 
various concentrations out of celery.
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with the increase in the celery concentration. This behavior is 
due to the adsorption of inhibitor on the alloy [21]. In addition, 
one notes an increase in the effectiveness of inhibition of 83% 
for 0.5 g/l with 90%, for 2 g/l. The values of the capacity of the 
dual-layer are also reduced in the presence of the inhibitor. The 
results of the effect of the concentration obtained starting from 
the technique of polarization are in concord with those of the SIE 
with a weak variation.

Effect of the temperature
Effect of polarization: The influence of the temperature on 
the effectiveness of celery inhibition was also studied by 
potentiometry. The curves of polarization obtained in HCl 1 M 
with and without addition of celery 2 g/l during one hour of 
immersion in the range of temperature (5-35°C) are presented 
in Figure 3.

Figure 4 show that the temperature has a great effect on the 
cathodic branch. In the same way one notes as Ecorr moves 
towards the cathodic values. The electrochemical parameters 
obtained by exploitation of these figures are indicated in Table 3.

The analysis of Table 3 shows that, in the range of temperature 
25-35°C the density of current of Icorr corrosion increases and the 

effectiveness of corresponding inhibition decreases by 76.06% to 
60.28%. This reduction can be due to a celery desorption for the 
surface of steel with 35°C [22,23]. In the range of temperature 
going of 15°C with 5°C the density of the Icorr current decreases 
and the effectiveness of inhibition increases by 83.76% to 88.82% 
for 5°C. However, it is noticed that Icorr remains relatively weaker 
in the presence of the inhibitor some is the temperature. These 
results confirm that celery inhibits corrosion in the interval of 
temperature studied [24].

Conclusion
According to the experimental results of the curves of polarization 
and electrochemical spectroscopy of impedance, one deduces 
that:

1. The effectiveness of inhibition increases with the increase 
in the celery concentration to reach a maximum value of 
96.66%.

2. Celery acts like a purely cathodic inhibitor.

3. The study of the effect of the time of immersion carried 
out for a concentration of 2 g/l made it possible to have 
information on the stability of the protective coating 
formed on metal surface. According to these results, 
the effectiveness of celery inhibition decreases with the 
increase in the time of immersion.

4. The tests concerning the effect of the temperature were 
carried in the interval 25°C - 55°C. They showed that the 
increase in the temperature affects the inhibiting celery 
power. Indeed, the effectiveness of the inhibitor which was 
from 90.8% to 25°C becomes 62.9% to 35°C.
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Figure 3 Curves of polarization of steel in HCl 1 M in absence and 
in the presence of 2 g/l da celery at various temperatures.
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Figure 4 Curves potentio-dynamic steel polarization in HCl 1 M in 
the presence of 1.5 (G/L) of celery extracts inhibiting at 
various temperatures.

Ecorr (mV/ag/
agcl) Icorr (µA/cm²) Bc mV Ba E (%)

25
huile -463 28 -94 76
blanc -498 0.84 -92 203 -

35
huile -481 50 -119 70
blanc -491 1.6 -178 200 -

45
huile -494 107 -110 60

blanc -475 2.42 -165 191 -

55
huile -390 450 -119 74
blanc -465 3.1 -151 170 -

Table 3 Electrochemical parameters of the steel of different temperature 
involved and absence from celery in HCl 1 M.
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