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ABSTRACT

Due to problems of resistance to corrosion, thévagtof essential oils has now experienced a gremival. Study
of the essential oil of the plant Lavandula stoeckas studied in 2012 in Doukkala area with relatio the
agricultural. The results show that the level o thil extracted there is a majority molecule (Ldkrane) with a
percentage of 26 via CPG coupled with MS. The émibe of phosphate of organic oil of leaves of Lawda
stoechas [L] on the corrosion inhibition of weldethterial in phosphoric acid solution was studiedngsthe
weight-loss method. The electrochemical performarafe the inhibitor was also investigated through
potentiodynamic polarization. The inhibition effiocy of inhibitor increases with concentration ttam 89 % at
1.2 g.I* of [L] in the phosphoric acid (40 wt. %) or 5.5MyPO, with the addition of chemical impurities (4 wt. %
of H,SQ, and 0.04 wt. % of chloride ions used as KCI). Raktion studies show that [L] is an anodic-type
inhibitor and acts the anodic reactions. The intidn efficiency of [L] is temperature-dependenthie range 298 -
363 K, the associated activation energy has beégradned. [L] Adsorbs on the welded material suéfaccording
to a Langmuir isotherm adsorption model.

Key words: inhibitor, corrosion, Polarization, CPGavandula stoechaspedicinal aromatic plant.

INTRODUCTION

Industrial phosphoric acid solutions are chemicaliynplex and their analysis change from one plardanother,
depending on the quality of phosphate rocks andotbeess used in their manufacture. Phosphoric usidlly is
produced by digestion of phosphate ores with siglfacid (HSO,) by wet-process phosphoric acid (WPA). This
process that is favored by the presence of chenimoplrities factors such as abrasion. Corrosionbleros
occurring in WPA plants have been examined extehsii,9].

Phosphoric acid in pure state it is not very cam@gompared with other acids. However, phosphacid causes
corrosion problems during its extraction manufaogiprocess due to the presence of impurities siscbhlorides
and sulphates. Moreover, temperature aggravatesotihesion process [7,10,11]. As a consequencegiisdd used
in this environment must have a good chemical ardhanical resistance. These two characteristicaa@ralways
easy to obtain and we have to make compromisesekatthese properties [12]. In this sense, austestiinless
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steels are a good choice to be used in phosphardiamin this work a highly alloyed austenitic stass steel
(UB6) was used as a welded material obtained by(Ti@gsten Inert Gas) process.

However, the welded stainless steel is appropraaténg to their low carbon content. Welding introdsc
metallurgical changes and residual stresses inriabstediminishing their corrosion resistance [43,IThe welding
process alters the microstructure of the materzdssing local variations in the composition andcture of the
material [13].

The use of inhibitors is one of the best optiongpuaitecting metals against corrosion [15-22]. Greerrosion
inhibitors are biodegradable and do not containvieaetals or other toxic compounds. The succeasak of
naturally occurring substances to inhibit the csion of metals in acidic and alkaline environmeaté been
reported by some research groups [23,24]. The eagog results obtained by Lavandula [25-27] irttites to test
its inhibiting effect on the wedded material in thlosphoric acid (40 wt. %) or 5.5MsPIO, with the addition of
chemical impurities (4 wt. % of 430, and 0.04 wt. % of chloride ions used as KCI). Heality level of 5.5M
HsPQ, is known by the strehlow function Ro(H) or the giieal acidity function Ri(H) both equal -1.9 [28]2
These functions are also named generalized pH ricerdrated acid solutions. The addition afSB)y shifted to
lower values.

The present work aimed to study the temperatueetsffon welded material corrosion in 5.5MPi), solution in the
absence and presence of various concentrationggaiic oil of leaves olLavandula stoechafl] by using
potentiodynamic polarization method. Various thedgmamic parameters for inhibitor adsorption on weldteel
surface were estimated and discussed. Kinetic peteamfor alloy corrosion in absence and presehteecstudied
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 dsaesil. The principle of the HD is a distillatidmeterogeneous.

Analytical techniques (CPG-MS)

The CPG-MSis the coupling GPC analysis which allows to kndmvthe vast majority of cases, the molecular
weight of a compound and to obtain structural infation about a molecule from its technical fragraan.

The tested material was an austenitic stainlegs sB6 alloy, which is classified in the range agth corrosion
resistant alloys. This alloy is particularly suitalfor applications in the chemical and petrochetiedustries. The
welding of Alloy UB6 was carried out by the Tungsteert Gas (TIG) process. The base material wed as filler
too. The chemical composition of the welded al®ghown in Table 1.

Table 1: Chemical compositions of the welded met§VT%)

Alloy Ni Cr Mo Cu Mn Si C
UB6 26 2150 520 120 250 145 0.025

For welding, a tungsten electrode in an argon gpima® was used. Once the welding was completedyeieed
material was cut by the method of water jets cgttire electrode was shaped into cylindrical didie €xposed area
to the solution was 0.6 énl0 mm in diameter).

In our case, all measurements, electrodes were an@gtily polished using successively thinner grall@mery
papers (400-4000 grades), and were finally rinsétl distilled water. The tests were carried outairthree-
electrode electrochemical cell. The potential a&f thorking electrode was measured against a saducaiemel
electrode (SCE) reference electrode. The auxidegtrode was a platinum (Pt) wire. The electrolysed in this
study was the phosphoric acid (40 wt. %) or 5.5MP@, with the addition of chemical impurities (4 wt. &6
H,SO, and 0.04 wt. % of chloride ions used as KCI). Thaosion behaviour of the alloy was analyzed Herdént
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temperatures (20-80°C). Temperature was contrdiedegulating the heater power with a compatiblaticn
thermostat.

The experimental apparatus used for electrochensitalies is the PGZ 100 potentiostat, monitoredablC
computer and Voltamaster 4.0 software. Graphs wenbsequently scanned anodically at a scan rdiésahV §'.

The potentiodynamic curves of alloy specimens incemtrated phosphoric acid in the absence anceipisence

of Lavandula stoechaextract were recorded from -0.6\: to 1.3 m\ice The tests were repeated at least three
times and the scans presented in the paper aref dine obtained curves.

RESULTS AND DISCUSSION

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

EmEcance - TIGS A END 2D

Figure 1 : Spectrum of general plani_avandula stoechas

O

Figure 2: Mass spectrum of the molecule majority wh CPG
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Essential oils of.avandula stoechaare characterized by the majority compounds as aso
L-Fenchone: 26.05%. The majeritaire molecule:

(@]

Figure 3: L-Fenchone molecule

* Potentiodynamic Polarization Study

The polarization curves of the stainless steeltedde in 5.5M H3PO4, in the presence and absenoegahic oil as
would be expected, both cathodic and anodic reestid stainless steel electrode corrosion werebitgd with the
increase of organic oil concentration in acidiausion (Fig. 4). The result suggests that the additf Oil extracted
as inhibitor reduces anodic dissolution and alsohjdrogen evolution reaction. For anodic polaitzatcurrents
decreased with the time at high over potential$.[30
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Figure 4. Polarization curves of stainless steel iconcentrated HPO, at different concentrations of organic oil [L]

We also find that the field of passivity of the dedl material is reduced while which increase thecentration of
the inhibitor and the corrosion current densitymproved.

It can be seen that the electrochemical resultesghat the welding process shifts corrosion posarii,, to more
anodic values, the corrosion current and the passivdomain decrease as a consequence of weldiraying a
increase in corrosion resistance [31].

Electochemical corrosion Kinetic parameters, coomsPotential (k,), cathodic and anodic tafel slopes and
corrosion current density (lcorr), obtained by agtlation of the tafel lines, are given in table 2.

The calculated E% of organic oil, in acidic soluatis also reported. The inhibition efficiency IE X¥as calculated
from polarization measurements according to thegioe given below :

i
E = (1—ﬂ).1nn

I’CGT“J"

@

Where i, and i%, are the corrosion current density value with aitthiout inhibitor, respectively, determined by
extrapolation of cathodic Tafel lines to the coiospotential. The .}, values decreased considerably in the
presence of inhibitor. It can be seen that theadfithbranch recorded in the control medium in theemce and
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presence of inhibitor tested exhibit a linear ramgkcating that the Tafel law holds [32]. The retlan Reaction is
carried out under proton pur activation under pngbore activation control. In the anodic brancke phesence of
this inhibitor dramatically reduces the anodic eutrdensity and shifts the corrosion potential e positive

direction. So this is an anodic inhibitor. They tridyute to the formation of a passive barrier lagerthe metal
surface, which changes the electrochemical redudtjoblocking the anodic site. (Headquarters ofdkielation of

the metal) [33, 34].

Table 2: Electrochemical parameters of stainlessetl in 5.5M HPO, in the presence of different concentrations of [Lat 298 K

Alloy Blank 0.6g.L* 0.8g.L' 1gL?! 1.2g.L%
lcorr (UA /cm?) 47.5 14.4 10.4 7.2 4.9
E(MV/sce) -335 119 121 234 250
Ba (MV) 450.2 386.3 372.3 363.6 270.9
Bec (MV) -303,5 -445.6 -400 -381 -322
% E - 70 78 84.2 89

Thus organic oil can be classified as anodic-typhkibitor in 5.5M HPO, E% increased with inhibitor
concentration. Maximum inhibition efficiency wastaimed at a concentration of 1.2g.L

* Electrochemical impedance spectroscopy measurements

The corrosion behaviour of welded material in 5.pRosphoric acid solution in the presence and aleseific
Organic oil, is also investigated by the electranleal impedance spectroscopy (EIS). The measurameete

performed at 293 K in the corrosive environmeng. Bi shows the corresponding Nyquist diagram. Tiqgedance
parameters derived from these investigations argiored in Table 3.

From Fig. 5, the obtained impedance diagrams (al@aemi-circular appearance), indicates that agehtxansfer
process mainly controls the corrosion of weldedemak [35]. The general shape of the curves is samjlar for all
samples; the shape is maintained throughout thelewboncentration, indicating that almost no chaimgehe
corrosion mechanism occurred due to the inhibitititeon [36] . The Rvalues increased with the increase of the
concentration of organic oil. The values of doulblger capacitance are also brought down to the maixi extent

in the presence of inhibitor and the decreaseearviiues of g follows the order similar to that obtained fgg;lin

this study.
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Figure5. Nyquist diagrams for welded material in 55M H3PO, containing different concentrations of organic oil[L]

to account for the corrosion behavior of the stsisl steel in concentrated phosphoric acidic solutigh the
presence of the inhibitor and to simulate the nfetadic solution interface, an equivalent circuibdael consists of
solution resistance (Rs), double layer capacitd@gg, charge transfer resistance{fas been shown in Fig.5 in
which theCy andR are parallel to each other.
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Figure 6. Equivalent circuit model for the corrosia for welded material in 5.5M HPO, at 298 K
Table 3. Impedance parameters and inhibition effi@ncy for the corrosion of welded material in 5.5M HPO, at various concentrations of

[L] at 298 K
Alloy Blank |0.6g.L" [ 0.8g.l" [1g.l"[12g.Ll"
Rt (Q cn?) 129 324 474 480 620
Ca(uFcm?® [ 140 102.4 118.7 42.3 50.9
%E - 60 72.7 73.1 79.1

The parameters deduced are grouped in Table 3g€itansfer resistance values (Rt) and double legpacitance

values (G) have been obtained from impedance measuremerntssasibed previously. The following relation is
used to calculate E (%):

Rr
E% = (1 e );mu
T )

WhereRy andT are the charge-transfer resistance values withwgthaut inhibitor, respectively.

Examination of Table 3 reveals that, more and ntleeeorganic oil [L] concentration increases,rikes to higher
values showing that [L] inhibit corrosion reactidrhe decrease of,Js interpreted by the adsorption of inhibitor
molecules on the metal surface [37- 38]. The reqlitained from the polarization technique in acahlution were
in good agreement with those obtained from thetelebhemical impedance spectroscopy (EIS).

"

(b)

Figure 7 : Examination by electron microscopy of tle surface of the alloy welded phosphoric medium
(a): 5.5M H3PO, without addition of inhibitor ;(b): 5.5M H PO, + 1.2g.L* organic oi1[L]

« Effect of temperature

Adsorption isotherm

In the acid environments, the inhibitors act adtfioy adsorption on the surface of metals befarrening in the
reaction processes of corrosion to decrease trelspée phenomenon of adsorption is made accotdieguation

3):

Inhyg + XH;0ags ——— > Infys + XH,O4q 3)
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When the equilibrium of the process described imagign (3) is reached, it is possible to obtainfedént
expressions of the adsorption isotherm plots. Tdgrek of surface coveragecan be plotted as a function of the
concentration of the inhibitor under test [39] irb@ H;PQ,. Langmuir mathematical expressions are given as
follow (4):

G 1 1 A6,
~inh _ + Ciﬂh With Kﬁds = — ﬂ)

4)
e Koas Crzo RT

Where C;,, is the concentration of the inhibitoK.ys is the adsorptive equilibrium constarft;is the surface
. = . . C ,
coverage and the standard adsorption free etlffqy.. The relationship betweerf;—h and C, presents linear

behaviour at the temperature with slope equal ttyuRor this reason Langmuir adsorption isotheraswreferred
to fit the results. A plot of @ versus C (Fig. 8) gives a straight line with arrage correlation coefficient of
0.99867 and a slope of nearly unity (1.07) suggtsts the adsorption of [L] can be expressed byftfiewing
equation 5;:

AG_,. = —RTLn (Cypp.K_z.)

ads

©)

In equation (5), we Us€,0 in g/L (10°g/L) andKgsin L/g, the unity ofﬂE;dS depends only on the factor RT
(kJ.mol%).
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Figure 8: Langmuir isotherm adsorption model on thestainless steel surface of [L] in 5.5 M HPO,

However, the use of an extract which contains &niiy of compounds do not promote the calculatidrthe free
enthalpy of adsorption as already demonstratedversl papers [40,41].

Kinetic-thermodynamic corrosion parameters

As noticed previously, the adsorption process wal eucidated by using a thermodynamic model.ddigon, a
kinetic-thermodynamic model was another tool tolaxpthe mechanism of corrosion inhibition for ahibitor

We were interested in exploring the activation gpeof the corrosion process and the thermodynaroics
adsorption of organic oil; this was accomplisheditwestigating the temperature dependence of theosion
current obtained using extrapolation method.

The corrosion current density decreased with orderoof magnitude with increasing temperature, bioth
uninhibited and inhibited solutions (table 4).
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Table 4: The influence of temperature on the electcthemical parameters for stainless steel electrodmersed in 5.5 M H3PO4 and in
5.5 M H3PO4 + 1.29.* [L]

5.5M H:PO, 1.29.L*+5.5M HsPO,
E cor(MV/SCE)  leor (WA /cM?)  Econ(MV/ISCE) oo (WA fcm?)  %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 stainkgte®l increased more rapidly with temperature émdhsence of
inhibitor (Blank).

The welded material presented and shows a moresdothavior and sensitivity to corrosion and terapee, it
was found that increasing the temperature evelneiptesence of the inhibitor decreases its effectigs [11].
The corrosion reaction can be regarded as an Arebitype process; the rate is given by :

. (

g
logrr = K. exp (R—a)
iy (6)

Where k is the Arrhenius pre-exponential constant] E is the activation corrosion energy for the cons
process.

~

The Arrhenius plots present of the logarithm of tleerosion current density reciprocate of tempeeafar 5.5 M
HsPQ,, without and with addition of [L] (fig.8). The Fvalues were determined from the slopes of thests jaind
are calculated to be,E 10.13 kJ/mol and 35 kj/mol While the higher w&ahf the activation energy of the process
in an inhibitor's presence when compared to thatsimbsence is attributed to its physical adsorpfé2,43], its
chemisorptions is pronounced in the opposite cé4glb]. The higher value of i the presence of [L] compared
to that in its absence and the decrease of its H% temperature increase can be interpreted asdioation of
physical adsorption.
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Figure 9: Arrhenius straight lines calculated fromcorrosion rate of stainless steel in 5.5M #PO,and 5.5M HPO, + 1.2g.L™* [L]
CONCLUSION

Electrochemical study showed that plant extraet good corrosion inhibitor and acts as an anogie-iphibitor in

concentric phosphoric acid. The inhibition effiagnincreases with increasing inhibitor concentradido attain a
maximum value of 89% for inhibitor [L] at 1.2 g'L The inhibition efficiency of [L] decreases slighwith the

temperature and the addition of [L] leads to insesaf corrosion activation energy.
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The adsorption of [L] on the stainless steel s@fat phosphoric acid obeys the Langmuir adsorpisotherm
model.

Finally we can deduce thativandula stoechagil can play an important role in the fight agaiosrrosion.
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