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ABSTRACT

The inhibition of the corrosion of mild sted in 1M HCI by 2,5-bis(n-
methyl phenyl)-1,3,4-oxadiazole (n-DTOX) hasbeen investigated at 30°C
using electrochemical and weight loss measurements. The comparative
study of oxadiazoles derivatives indicates that the corrosion inhibition of
2,5-bis(3-methyl phenyl)-1,3,4-oxadiazol e being the most efficient and 2,5
bis(2-methylphenyl)-1,3,4-oxadiazolethe | east. The associated activation
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corrosion and free adsorption energies have been determined.
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INTRODUCTION

Thecorrosonof mildged isafundamenta academic
andindustrial concernthat hasreceived considerable
atention™4, Theprotectiveaction of aninhibitorinmetal
corrosionisoften associated with chemica or physical
adsorption, involvingavariaioninthechargeof adsorbed
substance and atransfer of chargefrom onephasetothe
other. Specid attention was paid to the e ectron density
ontheatom or thegroup respongblefor adsorption. Most
of theefficient acid inhibitorsare organic compounds
which mainly contain nitrogen; sulphur or oxygen atoms
intheir structure; owing to unshared e ectron pair those
atomsrepresent centresfor chemisorptionsprocesses®s.
Inthe present paper we describetheinfluence of some
oxadiazolesderivativeson corrosonof mildsted in1M
HCI using weightless, electrochemica polarization
techniquesand dectrochemica impedance spectroscopy.

EXPERIMENTAL

Material preparation

Mild stedl stripscontaining 0.09wt.% P, 0.38wt.%
Si, 0.01wt.%Al, 0.05wt.% Mn, 0.21wt.% C, 0.05wt.%
Sandbaanceiron wereused for electrochemical and
gravimetric studies. Mild steel specimens were
mechanically polished on wet SiC paper(400, 600 and
1200), washed with doubl e-distilled water, degreased
ultrasonically in ethanol, and finally dried at room
temperature beforebaengimmersedintheacid solution.
Thetemperaturewas controlled at 30+1°C. Theacid
solutions used were made from Riedel-de Haen.
Appropriate concentrations of acid were prepared by
using double-distilled water. The concentration range
of inhibitorsemployed was 10°-3.10“M in 1M HCI.
Inhibitors was synthesised following the procedure
reported previously!”. Figure 1 showsthe molecular
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Figure 1. Molecular structure of oxadiazoles organic
compoundsstudied

(@]
\
N-N
CH3 CHj

2,5-bis
(2-methylphenyl)-
1,3,4-oxadiazole
(2-DTOX)

2,5-bis
(3-methylphenyl)-
1,3,4-oxadiazole
(3-DTOX)
2,5-bis(4-
HsC \Q\(o CHs methyl phenyl)-
\ 1,3,4-oxadiazole

(4-DTOX)

—a— HCI1M
g —F— 10 M
—— 20 M
—e—a 0t M
—— 3t M
——2210" M
— 30" M

I(mA.cm?)

0,01

E(rInV)
Figure2: Polarization curvesfor mild steel in 1 M HCI
containing different concentrationsof 3-DTOX
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Figure 3: Polarization curvesfor mild steel in 1 M HCI
containing different concentrationsof 4-DTOX

structureof theinvestigated organic compounds, which
havebeenlabelled n-DTOX. Whenn=1, 2 or 3.

Electr ochemical measurements

El ectrochemica measurementswerecarried out by
meansof impedance equi pment (Radiometer-andytica
PGZ 100) and controlled with analysis software
(Voltamaster 4).
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Figure4: Polarization curvesfor mild steel in 1M HCI
containing different concentrationsof 2-DTOX

Potenti odynami ¢ pol ari zation curves-pol arization
experimentswerecarried out in aconventional three-
electrode glasscell with aplatinum counter electrode
and asaturated calomel el ectrode(SCE) asreference.
All tests were performed in continuously stirred
conditionsat room temperature. Theprocedure adopted
for the polarization measurements was the same as
described e sewherd®. For agiven potentid, the current
was usualy steady within 1h. Thecathodic branchwas
awaysdetermined first; the open-circuit potential was
then re-established and the anodic branch determined.
The anodic and cathodic polarization curves were
recorded by acongtant sweep rateof 1mV.s. Inhibition
efficiencieswere determined from corrosion currents
cdculated by the Tafe extrapol ation method and fitting
thecurvetothepolarization equation.

E%=I-1"/Ix100

Electrochemical impedance spectroscopy(EIS)-
Impedance spectrawere obtainedin thefrequency range
100kHz-10mHz with 20 points per decade at the
corrosion potentia after 30min of immersion. A sine
wavewith 10mV amplitude was used to perturb the
system. A SCE was used asreference and a Pt plate
was used as counter electrode. All potentials are
reported versus SCE. All testswereperformed at 30°C
in non-de-aerated solutionsunder unstirred conditions.

Theinhibition efficiency of corrosonof mildsted is
caculated by chargetransfer res stance asfollows:

E% =Rec(inhib)-Rct/Rct(inhib)x100=0x100

where Rct and rec(inhib) are the charge transfer resistance
valueswithout and with inhibitor, respectively, for mild steel in

IMHCI.
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TABLE 1: Electrochemical parameter sfor thecorrosion of
mild steel in 1M HCI containing differ ent concentr ationsof
n-DTOX at 30°C and thecorresponding corrosion efficiency

Concentration Ecorr  lcorr B E

Product M (MV) (uA/om?) (mV/dec) (%)
blank - 490 326 132 -
1.10° -484 156 131 52

2.10': 471 88 123 73

4.10 -468 83 124 74

SDTOX 5905 461 76 119 76
2.10* -452 46 108 86

3.10* -440 39 104 88

1.10° 472 165 136 49

2.10': 465 95 150 70

4.10 455 91 152 72

ADTOX g0 .48 77 150 76
2.10* -438 72 164 77

3.10* -445 70 156 78

1.10° 495 341 133 -4

2.10': 494 292 124 10

4.10 -487 283 124 13

ZDTOX 5905 183 273 122 15
2.10* 480 262 123 19

3.10* 477 249 120 23

From TABLES 1 it can be concluded that: addition of n-DTOX
does not change the value of E_ ; E(%) increases with inhibitor
concentration, reaching the values 88, 78 and 23% at 3x10
‘M of 3-DTOX, 4-DTOX and 2-DTOX, respectively; the corrosion
inhibition ability of the compounds listed is greater for 3-DTOX
than for 4-DTOX and 2-DTOX.

TABLE 2: Impedancemeasurementsand inhibition efficiency
for mild steel in 1M HCI containing different concentrations
of n-DTOX at 30°C

Ca

. Ry 0
Product Concentration M (Qom?)  (WF.cm? E(%)
blanc - 45.6 147 -

1.10° 185.5 86.4 75.4
2.10° 225 713 80
4.10° 234 427 80.5
3-DTOX 8.10° 302 163 85
2.10* 310 13.7 85.5
3.10* 3415 13 87
1.10° 61 122 25
2.10° 64 117 29
4.10° 75 61.2 40
4-DTOX 8.10° 78 58.5 43
2.10* 92 42 51
3.10* 112 36 60
1.10° 42.6 176 -7
2.10° 44 164 -3
4.10° 48.8 86 6.5
2-DTOX 8.10° 49.7 58 8.2
2.10* 51 52 10.5
3.10* 58 50 21.3

Weight loss measurements

Gravimetric experiments were carried out in a
double-walled glass cell. The solution volume was
100cm?; the temperature of 30°C was controlled
thermogtatically. Theweight lossof mild steel in1M
HCI with and without the addition of inhibitor was
determined after immersioninacidfor 24 h. Themild
steel specimens were rectangular in the form
(Lemx4cmx0.06¢cm).

RESULTSAND DISCUSSION

Polarization curves

Anodic and cathodic polarization curvesfor mild
ged in IM HCl with variousconcentrationsof n-DTOX
areshowninfigures2, 3and 4, respectively.

A decreasein both cathodic and anodic currentsis
noted. The cathodic current-potential curvesgiverise
to paralel Tafel lines, which indicate that hydrogen
evolution reactionisactivation controlled and that the
addition of the oxadiazolesstudied doesnot modify the
mechanism of this process'?. The values of the
corrosion potentials(TABLE 1) were not modified by
addition of oxadiazole.

For anodic polarization in the presence of 1 M
HCI (Figure 2), avoltage higher than-200 mV shows
little effect on the presence of oxadiazoleswhen the
potential became more positive than the desorption
potential (E,), or -200mV (Figure2). Thismeansthat
theinhibition modeof n-DTOX wasdependent onthe
electrodepotentid. Thisisprobably duetotheincrease
in surface area as mild steel dissolves and organic
compound desorbed. Thebehaviour of the oxadiazoles
at potentia shigher than -200mV may betheresult of
significant dissol ution of the steel surface, leading to
desorption of the adsorbed oxadiazoleinhibitor from
the electrode surface. In this case, the desorptionrate
of the oxadiazoleis higher than its adsorption rate.
However, the oxadiazol einfluencetheanodic reaction
a potentid smore negativethan -200mV. Thisindicates
that -DTOX exhibit both cathodicand anodicinhibition
effectd®¥, Thisobservationisindication of mixed type
control, -DTOX mainly act asmixed typeinhibitorsin
IM HCI.

Therefore, -DTOX donedassfied asaninhibitors
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Figure 5: Nyquist diagrams for mild steel in 1M HCI
containing different concentrationsof 3-DTOX
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Figure 6: Nyquist diagrams for mild steel in 1M HCI
containing different concentrationsof 4-DTOX
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Figure 7: Nyquist diagrams for mild steel in 1M HCI
containing different concentrationsof 2-DTOX

of mixedtype (anodic/cathodicinhibition).
EIS

Thecorrosionof mild sted inacidicsolutioninthe
presence of n-DTOX was investigated by the EIS
method at 30°C after 30minimmersion. Thelocus of
the Nyquist plots was regarded as one part of a
semicirde Nyquig diagramsof mild sed inthepresence
and absenceof inhibitorsare showninfigures5, 6 and

—= Fyll Poper

7. The vaues of charge-transfer resistance(R)) and
double layer capacitance(C,) were obtained from
impedance measurements as described el sewhere??.
Theimpedance parametersand va uesof E(%) aregiven
iINTABLE 2.

Asthen-DTOX concentrationsincreased, theR
vauesincreased, but the C, val uestended to decrease.
Thedecreasein C, valuesisdueto theadsorption of
n-DTOX onthe metal surface*.

Theresultsobtained show that theinhibiting action
of 3-DTOX ismore pronounced than that of 4-DTOX
and 2-DTOX. E(%0) of 3-DTOX attainsavaueof 87%
at 3x10*M forinhibitorin 1M HCI.

The EIS study establishes the plot of C versus
concentration of n-DTOX. The shape of these curves
iIsthesame, so it can be concluded that anincreasein
the concentration of inhibitor leadsto adecreaseinthe
double layer capacitance up to a concentration of
3x10*M, wereit remainsadmost congtant. Ontheother
hand, theinhibition efficiency vauesdetermined by EIS
aresmadller than those determined usngthe polarization
curves. Thisdifferenceisprobably dueto the shorter
immersion time in the case of the polarization
measurements.

Asknown, someatoms, suchasO and N atoms of
organic compound, which have unoccupied orbitals, so
exhibit atendency to obtain electrons. Thedectronsin
thed-orbitascan easly be offered becausetheir applied
forceissmdl. If aninhibitor doesnot only offer dectrons
tounoccupied d orbitasof metds, but it can a so accept
of dectronsind-orbitalsof metalic sted by using their
antibond orbital to form stable chelate, thenit may be
considered an asexcellent inhibitor™. The presence
the electron donating groups on the organic compound
structure (such CH,) increasestheel ectron density on
thenitrogen of theC or N group, resulting highinhibition
efficiency. Among the compoundsinvestigated in the
present study, C hasbeen found to givethebest perfor-
manceascorrosioninhibitor.

Weight loss measurements

Thevaduesof inhibition efficiency and corrosonrate
obtaned fromweight lossmethod a 3x10*M for inhibitor
in1M HCl at 30°C aresummarizedin TABLE 3.

The inhibition efficiency follows the order: 3-
DTOX>4-DTOX2-DTOX.
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TABLE 3: Inhibition efficiency of 2-DTOX, 3-DTOX and 4-
DTOX for thecorrosion of mild steel in 1M HCI obtained
from weight lossmeasurementsat 30°C

Inhibitor Inhibition efficiency %
3-DTOX 934

4-DTOX 70

2-DTOX 35.4

TABLE 4 : The influence of temperature on the electro
chemical parameter sfor mild steel electrodeimmersedin 1
M HClandin 1M HCI+3x10°M of 3-DTOX

Temperature Concentration Ecorr lcorr E(%)
(°C) (ppm) (mV)  (pAlcm?)
0w T W
o TEe T e
60 -

o000

I (mA.cm2)

E(V/ECS)
Figure8: Effect of temperatureon thecathodicand anodic
responsesfor mild sted in de-aerated 1M HCI + 3x10°M
of 3-DTOX

m  with inhibitor

& without inhibitor

Ln (Icorr IT)
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Figure 9: Arrhenius sopes calculated from corrosion
current density for mild steel in: (A) 1M HCl and (B) 1M

HCI +3x10°M of 3-DTOX

Effect of temperature

Thetemperaturecan modify theinteraction between
themild steel electrode and the acidic mediuminthe
absenceand the presence of theinhibitor. Polarization
curvesfor mild sted in 1M HCI without and with 3x

10“M of 3-DTOX inthetemperature range 30-60°C
areshowninfigure8.

Corresponding dataaregivenin TABLE 4. Inthe
studiestemperaturerange, the corrosion current density
increaseswithincreas ngtemperaturebothin uninhibited
and inhibited solutionsand thevaluesof theefficiency
of 3-DTOX are nearly constant in the studied
temperaurerange. Thecorrosion current density of sted
increase morerapidly with temperaturein the absence
of theinhibitor. Theseresultsconfirmthat 3-DTOX acts
as an efficient inhibitor in the range of temperature
studied®,

The corrosion reaction can be regarded as an
Arrhenius-type process, therateisgiven by!617:

—Ea
leorr = Ke?
wherek istheArrhenius pre-exponential constant and E_ isthe
activation corrosion energy for the corrosion process.

Figure 9 Presents the Arrhenius plots of the
logarithm of the corrosion current density versus /T,
for 1M HCI, without and with addition of 3-DTOX.
The values of the activation corrosion energy in the
absence and presence of 3x10*M 3-DTOX were
determined from the slopes of these plots and are
caculatedtobe E = 69.72kJmol*and 63.23kJmol .
Thereduction of the activation energy inthe presence
of 3-DTOX may beattributed to the chemi sorption of
molecules of thisinhibitor onthemild steel!829, The
corrosion process correspondsto adifferent mechanism
of themild stedl in presenceof theinhibitor2024,

Adsor ption isotherm

The adsorption of theinhibitor isinfluenced by the
natureand thechargeof themetd , thechemica sructure
of theinhibitor, ditribution of thechargeinthemolecule,
and thetype of eectrolytd?23, Important information
about theinteraction between theinhibitor and steel
surface can be provided by the adsorptionisotherm. In
theabovework, it could be concluded that 6 increases
withtheinhibitor concentration; thisisattributed tomore
adsorption of inhibitor moleculesonto the stedl surface.
Asitisknown, theadsorption of inhibitor isawaysa
di splacement reaction involving removal of absorbed
water moleculesfromthemeta surface??:

Org(sol) + nH,0O(ads)<>Org(ads)+nH,0O(sol)
Where Org (sol) and Org (ads) are the organic moleculesinthe
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Figure 10: Langmuir isother m adsor ption model on the
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after variousimmer sion at 30°C

aqueous solution and adsorbed on the steel surface,
respectively. H,O (ads) is the water molecule on the steel
surface; n is the size ratio representing the number of water

moleculesreplaced by one unit of 3-DTOX.

Now, assuming that the adsorption of 3-DTOX
belonged to the monolayer adsorption, then the
Langmuir adsorptionisothermisappliedtoinvestigate
the mechanism by the corrected equation®!:

Cinhib _ . n
0 - nCInth + K ads
where n=1.14 and Kads is the adsorption coefficient.

Thefreeenergy of adsorption (AE_ ) valuesof 3-
DTOX havebeen obtained by using thefollowing equa:
tion®:

—= Fyll Poper
AE_ =-RT.LnK

resultedin-32.58K Jmol*for theexperimenta condition
of thispaper (Figure 10). Thisvaueindicatesthat the
interaction between 3-DTOX and the surface of mild
stedl occursby chemisorptioni2e,

I nfluenceof theimmersion timeof 3-DTOX

Figure 11 presentsthe effect of theimmersiontime
on theimpedance spectraat the corrosion potential .
The inhibitor concentration was set at 310°M. The
shape of these curvesisvery similar to that obtained
when varyingtheinhibitor concentration.

The capacitiveloop wasfound toincreaseinsize
withincreaseinimmersiontime, sncemoresuccinate
anionswill bedectrogtaticaly adsorbed onthepostively
charged stedl surface. Moredetallsareshowninfigure
12, which representsthe variation of R, and C, with
immersontime.

Itisclear that the R, valuesincrease sharply from
341t0 728 Ohm.cm? duringtheinitia 12handremained
fairly constant afterward. At the same time, the
capacitance va ueswerereduced drastically from 13
to 4uF cm™ after 12h. These resultsdemonstrate that
theformation of theinhibitor surfacefilm, and therefore
theinhibitor adsorption, on the el ectrode surface was
relatively fast and compl eted within 12027,

CONCLUSIONS

Concluding the experimental part, it wasclearly
demonstrated that all techniques used, especially
el ectrochemicd techniquesareableto characterizeand
follow theinhibition of corros on processpromoted by
then-DTOX molecules. It was shown that the E(%)
increaseinthefollowing order: 3-DTOX>4-DTOX>2-
DTOX. The electrochemical impedance diagrams
showed mainly a capacitive loop, which can be
attributed to theformation of an adsorbed layer onthe
sted surface. Thethermodynamic parametersindicated
that 3-DTOX ischemisorbed on the metal surfaceand
it’s adsorption obeys to the modified Langmuir
adsorptionisotherm.
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