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ABSTRACT 
 
Due to problems of resistance to corrosion, the activity of essential oils has now experienced a great revival. Study 
of the essential oil of the plant Lavandula stoechas was studied in 2012 in Doukkala area with relation to the 
agricultural. The results show that the level of the oil extracted there is a majority molecule (L-fenchone) with a 
percentage of 26 via CPG coupled with MS. The influence of phosphate of organic oil of leaves of Lavandula 
stoechas [L] on the corrosion inhibition of welded material in phosphoric acid solution was studied using the 
weight-loss method. The electrochemical performance of the inhibitor was also investigated through 
potentiodynamic polarization. The inhibition efficiency of inhibitor increases with concentration to attain 89 % at 
1.2 g.L-1 of [L] in the phosphoric acid (40 wt. %) or 5.5M H3PO4 with the addition of chemical impurities (4 wt. % 
of H2SO4 and 0.04 wt. % of chloride ions used as KCl). Polarization studies show that [L] is an anodic-type 
inhibitor and acts the anodic reactions. The inhibition efficiency of [L] is temperature-dependent in the range 298 - 
363 K, the associated activation energy has been determined. [L] Adsorbs on the welded material surface according 
to a Langmuir isotherm adsorption model. 
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INTRODUCTION 
 

Industrial phosphoric acid solutions are chemically complex and their analysis change from one plant to another, 
depending on the quality of phosphate rocks and the process used in their manufacture. Phosphoric acid usually is 
produced by digestion of phosphate ores with sulfuric acid (H2SO4) by wet-process phosphoric acid (WPA). This 
process that is favored by the presence of chemical impurities factors such as abrasion. Corrosion problems 
occurring in WPA plants have been examined extensively [1,9]. 
 
Phosphoric acid in pure state it is not very corrosive compared with other acids. However, phosphoric acid causes 
corrosion problems during its extraction manufacturing process due to the presence of impurities such as chlorides 
and sulphates. Moreover, temperature aggravates the corrosion process [7,10,11]. As a consequence, Materials used 
in this environment must have a good chemical and mechanical resistance. These two characteristics are not always 
easy to obtain and we have to make compromises between these properties [12]. In this sense, austenitic stainless 
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steels are a good choice to be used in phosphoric media. In this work a highly alloyed austenitic stainless steel 
(UB6) was used as a welded material obtained by TIG (Tungsten Inert Gas) process. 
 
However, the welded stainless steel is appropriate owing to their low carbon content. Welding introduces 
metallurgical changes and residual stresses in materials, diminishing their corrosion resistance [13,14]. The welding 
process alters the microstructure of the materials, causing local variations in the composition and structure of the 
material [13]. 
 
The use of inhibitors is one of the best options of protecting metals against corrosion [15-22]. Green corrosion 
inhibitors are biodegradable and do not contain heavy metals or other toxic compounds. The successful uses of 
naturally occurring substances to inhibit the corrosion of metals in acidic and alkaline environment have been 
reported by some research groups [23,24]. The encouraging results obtained by Lavandula [25-27] incited us to test 
its inhibiting effect on the wedded material in the phosphoric acid (40 wt. %) or 5.5M H3PO4 with the addition of 
chemical impurities (4 wt. % of H2SO4 and 0.04 wt. % of chloride ions used as KCl). The acidity level of 5.5M 
H3PO4 is known by the strehlow function Ro(H) or the practical acidity function Ri(H) both equal -1.9 [28,29]. 
These functions are also named generalized pH in concentrated acid solutions. The addition of H2SO4 shifted to 
lower values.  
 
The present work aimed to study the temperature effects on welded material corrosion in 5.5M H3PO4 solution in the 
absence and presence of various concentrations of organic oil of leaves of Lavandula stoechas [L] by using 
potentiodynamic polarization method. Various thermodynamic parameters for inhibitor adsorption on welded steel 
surface were estimated and discussed. Kinetic parameters for alloy corrosion in absence and presence of the studied 
inhibitors were evaluated and interpreted.  

 
EXPERIMENTAL SECTION 

 
Conditions and materials 
1- The lavender is Moroccan original 
2 - Ethyl acetate is as the extraction solvent 
3 - Mounting the soxhlet and hydrodistillation 
4- Rotary evaporator 
 
Extractions technical 
Hydrodistillation (HD) 
HD is adapted method for the extraction of an essential oil. The principle of the HD is a distillation heterogeneous. 
 
Analytical techniques (CPG-MS) 
The CPG-MS is the coupling GPC analysis which allows to know, in the vast majority of cases, the molecular 
weight of a compound and to obtain structural information about a molecule from its technical fragmentation. 
The tested material was an austenitic stainless steel UB6 alloy, which is classified in the range of high corrosion 
resistant alloys. This alloy is particularly suitable for applications in the chemical and petrochemical industries. The 
welding of Alloy UB6 was carried out by the Tungsten Inert Gas (TIG) process. The base material was used as filler 
too. The chemical composition of the welded alloy is shown in Table 1. 
 

Table 1: Chemical compositions of the welded metal (WT%) 
 

Alloy Ni Cr Mo Cu Mn Si C 
UB6 26 21.50 5.20 1.20 2.50 1.45 0.025 

 
For welding, a tungsten electrode in an argon atmosphere was used. Once the welding was completed, the welded 
material was cut by the method of water jets cutting the electrode was shaped into cylindrical disk. The exposed area 
to the solution was 0.6 cm2 (10 mm in diameter).  
 
In our case, all measurements, electrodes were mechanically polished using successively thinner grade of emery 
papers (400–4000 grades), and were finally rinsed with distilled water. The tests were carried out in a three-
electrode electrochemical cell. The potential of the working electrode was measured against a saturated calomel 
electrode (SCE) reference electrode. The auxiliary electrode was a platinum (Pt) wire. The electrolyte used in this 
study was the phosphoric acid (40 wt. %) or 5.5M H3PO4 with the addition of chemical impurities (4 wt. % of 
H2SO4 and 0.04 wt. % of chloride ions used as KCl). The corrosion behaviour of the alloy was analyzed at different 
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temperatures (20-80°C). Temperature was controlled by regulating the heater power with a compatible control 
thermostat. 
The experimental apparatus used for electrochemical studies is the PGZ 100 potentiostat, monitored by a PC 
computer and Voltamaster 4.0 software. Graphs were   subsequently scanned anodically at a scan rate of 0.5 mV s-1. 
The potentiodynamic curves of alloy specimens in concentrated phosphoric acid in the absence and in the presence 
of Lavandula stoechas extract were recorded from -0.6VSCE to 1.3 mVSCE. The tests were repeated at least three 
times and the scans presented in the paper are one of the obtained curves. 
 

RESULTS AND DISCUSSION 
 

Following this analysis; the gas chromatography (GC)-mass spectrometry (MS) plant extract showed that the 
majority compound in the oil extracted is : L-fenchone. (Fig. 1, 2 and 3). 
 

 
 

Figure 1 : Spectrum of general plant Lavandula stoechas 
 

  
 

Figure 2: Mass spectrum of the molecule majority with CPG 
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Essential oils of Lavandula stoechas are characterized by the majority compounds as soon as: 
L-Fenchone: 26.05%. The majeritaire  molecule: 

 
 

Figure 3: L-Fenchone molecule 
 
• Potentiodynamic Polarization Study 
The polarization curves of the stainless steel electrode in 5.5M H3PO4, in the presence and absence of organic oil as 
would be expected, both cathodic and anodic reactions of stainless steel electrode corrosion were inhibited with the 
increase of organic oil concentration in acidic solution (Fig. 4). The result suggests that the addition of Oil extracted 
as inhibitor reduces anodic dissolution and also the hydrogen evolution reaction. For anodic polarization, currents 
decreased with the time at high over potentials [30]. 
 

 
 

Figure 4. Polarization curves of stainless steel in concentrated H3PO4 at different concentrations of organic oil [L] 
 
We also find that the field of passivity of the welded material is reduced while which increase the concentration of 
the inhibitor and the corrosion current density is improved. 
 
It can be seen that the electrochemical results show that the welding process shifts corrosion potential Ecorr to more 
anodic values, the corrosion current and the passivation domain decrease as a consequence of welding, involving a 
increase in corrosion resistance [31]. 
 
Electochemical corrosion Kinetic parameters, corrosion Potential (Ecorr), cathodic and anodic tafel slopes and 
corrosion current density (Icorr), obtained by extrapolation of the tafel lines, are given in table 2. 
 
The calculated E% of organic oil, in acidic solution is also reported. The inhibition efficiency IE (%) was calculated 
from polarization measurements according to the relation given below : 
 

                                                                                                                                           (1) 
 

Where icorr and i°corr are  the corrosion current density value with and without inhibitor, respectively, determined by 
extrapolation of cathodic Tafel lines to the corrosion potential. The Icorr values decreased considerably in the 
presence of inhibitor. It can be seen that the cathodic branch recorded in the control medium in the absence and 
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presence of inhibitor tested exhibit a linear range indicating that the Tafel law holds [32]. The reduction Reaction is 
carried out under proton pur activation under proton pure activation control. In the anodic branch, the presence of 
this inhibitor dramatically reduces the anodic current density and shifts the corrosion potential in the positive 
direction. So this is an anodic inhibitor. They contribute to the formation of a passive barrier layer on the metal 
surface, which changes the electrochemical reduction by blocking the anodic site. (Headquarters of the oxidation of 
the metal) [33, 34]. 

 
Table 2: Electrochemical parameters of stainless steel in 5.5M H3PO4 in the presence of different concentrations of [L] at 298 K 

 
Alloy Blank 0.6g.L-1 0.8g.L-1 1g.L-1 1.2g.L-1 

I corr (uA /cm2) 47.5 14.4 10.4 7.2 4.9 
E(mV/SCE) -335 119 121 234 250 
βa (mV) 450.2 386.3 372.3 363.6 270.9 
βc (mV) -303,5 -445.6 -400 -381 -322 
% E - 70 78 84.2 89 

 
Thus organic oil can be classified as anodic-type inhibitor in 5.5M H3PO4. E% increased with inhibitor 
concentration. Maximum inhibition efficiency was obtained at a concentration of 1.2g.L-1. 
 
• Electrochemical impedance spectroscopy measurements  
The corrosion behaviour of welded material in 5.5M phosphoric acid solution in the presence and absence of 
Organic oil, is also investigated by the electrochemical impedance spectroscopy (EIS). The measurements were 
performed at 293 K in the corrosive environment. Fig. 5 shows the corresponding Nyquist diagram. The impedance 
parameters derived from these investigations are mentioned in Table 3.  
 
From Fig. 5, the obtained impedance diagrams (almost a semi-circular appearance), indicates that a charge transfer 
process mainly controls the corrosion of welded material [35]. The general shape of the curves is very similar for all 
samples; the shape is maintained throughout the whole concentration, indicating that almost no change in the 
corrosion mechanism occurred due to the inhibitor addition [36] . The Rt values increased with the increase of the 
concentration of organic oil. The values of double layer capacitance are also brought down to the maximum extent 
in the presence of inhibitor and the decrease in the values of Cdl follows the order similar to that obtained for Icorr in 
this study. 

 
Figure5. Nyquist diagrams for welded material in 5.5M H3PO4 containing different concentrations of organic oil [L] 

 
to account for the corrosion behavior of the stainless steel in concentrated phosphoric acidic solution with the 
presence of the inhibitor and to simulate the metal/acidic solution interface, an equivalent circuit model consists of 
solution resistance (Rs), double layer capacitance (Cdl), charge transfer resistance (Rct) has been shown in Fig.5 in 
which the Cdl and Rct are parallel to each other. 
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Figure 6. Equivalent circuit model for the corrosion for welded material in 5.5M H3PO4 at 298 K 

Table 3. Impedance parameters and inhibition efficiency for the corrosion of welded material in 5.5M H3PO4 at various concentrations of 
[L] at 298 K 

 
Alloy Blank 0 .6g .L-1 0.8 g .L-1 1 g .L-1 1.2 g .L-1 
RT  (Ω cm2) 129 324 474 480 620 
Cdl (µF cm-2) 140 102.4 118.7 42.3 50.9 
% E - 60 72.7 73.1 79.1 

 
The parameters deduced are grouped in Table 3. Charge-transfer resistance values (Rt) and double layer capacitance 
values (Cdl) have been obtained from impedance measurements as described previously. The following relation is 
used to calculate E (%): 
 

                                                                                                                           (2) 
 

Where RT and  are the charge-transfer resistance values with and without inhibitor, respectively. 
 
Examination of Table 3 reveals that, more and more the organic oil  [L] concentration increases, RT rises  to higher 
values showing that [L] inhibit corrosion reaction. The decrease of Cdl is interpreted by the adsorption of inhibitor 
molecules on the metal surface [37- 38]. The results obtained from the polarization technique in acidic solution were 
in good agreement with those obtained from the electrochemical impedance spectroscopy (EIS). 
 

 
(a) 

 
(b) 

 
Figure 7 : Examination by electron microscopy of the surface of the alloy welded phosphoric medium 

(a): 5.5M H3PO4 without addition of inhibitor ;(b): 5.5M H 3PO4 + 1.2g.L-1   organic oi1[L] 
 
• Effect of temperature 
Adsorption isotherm  
In the acid environments, the inhibitors act at first by adsorption on the surface of metals before intervening in the 
reaction processes of corrosion to decrease the speed. The phenomenon of adsorption is made according to equation 
(3): 

 
Inhaq  +  xH2Oads                             Inh ads  +  xH2Oaq                                                                                                   (3) 
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When the equilibrium of the process described in equation (3) is reached, it is possible to obtain different 
expressions of the adsorption isotherm plots. The degree of surface coverage θ can   be plotted as a function of the 
concentration of the inhibitor under test [39] in 5.5M H3PO4. Langmuir mathematical expressions are given as 
follow (4): 
 

   With                                                              (4) 

 
Where Cinh  is the concentration of the inhibitor, Kads is the adsorptive equilibrium constant; θ is the surface 

coverage and the standard adsorption free energy . The relationship between and Cinh presents linear 

behaviour at the temperature with slope equal to unity. For this reason Langmuir adsorption isotherm was preferred 
to fit the results. A plot of C/Ɵ versus C (Fig. 8) gives a straight line with an average correlation coefficient of 
0.99867 and a slope of nearly unity (1.07) suggests that the adsorption of [L] can be expressed by the following 
equation 5: 
 

                                                                                                                          (5) 
 

In equation (5), we use CH2O  in g/L (103g/L) and Kads in L/g, the unity of  depends only on the factor RT 

(kJ.mol-1).  
 

 
 

Figure 8: Langmuir isotherm adsorption model on the stainless steel surface of [L] in 5.5 M H3PO4 
 
However, the use of an extract which contains an infinity of compounds do not promote the calculation of the free 
enthalpy of adsorption as already demonstrated in several papers [40,41]. 
 
Kinetic-thermodynamic corrosion parameters 
As noticed previously, the adsorption process was well elucidated by using a thermodynamic model. In addition, a 
kinetic-thermodynamic model was another tool to explain the mechanism of corrosion inhibition for an inhibitor 
We were interested in exploring the activation energy of the corrosion process and the thermodynamics of 
adsorption of organic oil; this was accomplished by investigating the temperature dependence of the corrosion 
current obtained using extrapolation method. 
 
The corrosion current density decreased with one order of magnitude with increasing temperature, both in 
uninhibited and inhibited solutions (table 4). 
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Table 4: The influence of temperature on the electrochemical parameters for stainless steel electrode immersed in 5.5 M H3PO4 and in 
5.5 M H3PO4 + 1.2g.L-1 [L] 

 
 5.5M H3PO4 1.2g.L-1+5.5M H3PO4  
 E corr(mV/SCE) Icorr(µA /cm2) Ecorr(mV/SCE) Icorr(µA /cm2) %E 

293 °K -335 47.5 149 4.9 90 
313 °K -226 50.0 112 10.8 82 
333 °K 149 61.8 125 20 75 
353 °K 156 79.7 133.7 32.1 60 

 
The corrosion current density for welded stainless steel increased more rapidly with temperature in the absence of 
inhibitor (Blank).  
 
 The welded material presented and shows a more active behavior and sensitivity to corrosion and temperature, it 
was found that increasing the temperature even in the presence of the inhibitor decreases its effectiveness [11]. 
The corrosion reaction can be regarded as an Arrehenius-type process; the rate is given by : 
 

                                                                                                                                             (6) 
 
Where k is the Arrhenius pre-exponential constant, and  Ea is  the activation corrosion energy for the corrosion 
process. 
 
The Arrhenius plots present of the logarithm of the corrosion current density reciprocate of temperature for 5.5 M 
H3PO4, without and with addition of [L] (fig.8). The Ea values were determined from the slopes of these plots and 
are calculated to be Ea = 10.13 kJ/mol and 35 kj/mol While the higher value of the activation energy of the process 
in an inhibitor's presence when compared to that in its absence is attributed to its physical adsorption [42,43], its 
chemisorptions is pronounced in the opposite case [44,45]. The higher value of Ea in the presence of [L] compared 
to that in its absence and the decrease of its E% with temperature increase can be interpreted as an indication of 
physical adsorption. 
 

 
 

Figure 9: Arrhenius straight lines calculated from corrosion rate of stainless steel in 5.5M H3PO4 and 5.5M H3PO4 + 1.2g.L-1 [L] 
 

CONCLUSION 
 
Electrochemical study showed that plant extract is a good corrosion inhibitor and acts as an anodic-type inhibitor in 
concentric phosphoric acid. The inhibition efficiency increases with increasing inhibitor concentrations to attain a 
maximum value of 89% for inhibitor [L] at 1.2 g.L-1. The inhibition efficiency of [L] decreases slightly with the 
temperature and the addition of [L] leads to increase of corrosion activation energy. 
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The adsorption of [L] on the stainless steel surface in phosphoric acid obeys the Langmuir adsorption isotherm 
model.  
 
Finally we can deduce that Lavandula stoechas oil can play an important role in the fight against corrosion. 
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