December 2009

Trade Science Ine.

Volume 5 Issue 4

A Tndéian Yournal

— Fyfl Peper

M SAIJ, 5(4), 2009 [334-341]

Corrosion inhibition and adsor ption behavior of new 2,3bis-((2-
aminoethoxy)dimethylsilyloxy)-N-(2-(2-aminoethylamino)ethyl)-
4,5,6-trihydr oxyhex-2-enamide (AEDSHE) on carbon steel
surfacesin 0.5 M hydrochloric acid

O.M.Abo-Elenien*, K.M.Zohdy?, M.Abd-Elkreem?, Olfat.E.Elazabawy*
1Egyptian Petroleum Resear ch I ngtitute (EPRI), Nasr city 11727, Cairo, (EGY PT)
2Higher Technological I ngtitute, 10th of Ramadan City, (EGYPT)

E-mail : drossamaal2@yahoo.com
Received: 22" June, 2009 ; Accepted: 2™ July, 2009

ABSTRACT

2,3his-((2-aminoethoxy)dimethylsilyl oxy)-N-(2-(2-aminoethyl amino)ethyl)-
4,5,6-trihydroxyhex-2-enamide (AEDSHE) hasbeen synthesized and evalu-
ated asacorrosioninhibitor. Theinhibitive action of inhibitor AEDSHE at
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concentration 0.0, 5.0, 10.0, 20.0, 30.0, and 40.0 ppm on the corrosion of
Carbon Steel in 0.5MHCI solutionswas eval uated by open circuit potential,
potentiodynamic polarization, €l ectrochemical impedance spectroscopy and
weight loss measurements. All the studied showed good inhibitive charac-
teristics against the corrosion of Carbon Steel. Polarization data indicated
that the studied compound is cathodic i nhibitor without changing the mecha-
nism of hydrogen evol ution reaction. The adsorption of inhibitor on Carbon
Steel obeys Langmuir adsorption isotherm. The morphology of the formed
filmswas al so examined by scanning electron microscope (SEM) and EDX.
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INTRODUCTION

Petroleumfidldsarethebiggest victimof corrosion
and severeeconomiclossiscaused duetothe metalic
corrosion on piping and plant sems. Statistical datashow
that failuresby corrosionintheoil and gasindustry os-
cillate between 25% and 30% of the total losses*.
Different methodsare used for protection of corrosion
in petroleum product pipelineand plantsin aggressive
environments, where one of the most economic meth-
odsistheapplication of corrosioninhibitors (Cls)*29,

Theuseof organicinhibitorsinacid solutionsisvery

commonway inprotection of metds, particularlyinview
of thehigh corrosionrate™*". Amines, anmonium sats
and organoamide compounds arewell known corro-
soninhibitorsforironanditsdloys. Their reatively high
water solubility isan advantage for use as corrosion
inhibitorg®19,

Mogt of the effective organic inhibitors used con-
tain heteroatom suchas O, N, Sand multiplebondsin
their moleculesthrough whichthey areadsorbed onthe
metal surfacel®28, |t has been observed that adsorp-
tion depends mainly on certain phys co-chemical prop-
ertiesof theinhibitor group, such ase ectron density at
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thedonor atom, _-orbita character, and theelectronic
structure of themolecul€?’. Ingeneral, anincreasein
temperature, inthe case of physicd adsorption, reduces
corrosonrateby increasingtheinhibitor efficiency due
toitsadsorption onthemetal surface. Thus, findingan
inhibitor with high efficiency at low and high tempera-
tureisof substantial economic significanceg®?7,

Inthiswork, synthesisof AEDSHE and was stud-
ied ascorrosoninhibitor. Theinfluenceof inhibitor con-
centration on the corrosion rate, efficiency and inhibi-
tion mechanismin agueous0.5M HCI solution on car-
bon steel astheworking electrodewereinvestigated
by usngweight loss, € ectrochemical polarizationand
surface morphol ogy by scanning el ectron microscope
(SEM) and EDX.

MATERIALSAND METHODS

Procedurefor thesynthesisof AEDSHE

Infree solvent three neck flask 1.0 M of L-ascor-
bic acid and 1.0 M of Diethylenetriamine heated at
160°C for 3 hrs and cooling at 25 °C, then added 2.0
M of Dichlorodimethylsilaneand 2.0 M of Ethanola-
minein presence of acid acceptor and heated a eval u-
ated temperature. Theproduct ispurified and confirmed
by FT.IR.
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Infra-red Spectral characterization of inhibitor
(AEDSHE)

The product obtained were characterized by using
Infrared (FT.IR) resonance spectroscopy. PerkinElmer,
Paragon 500 model Mattson — infinity series bench top
961. The spectrum wastaken in themid-IR region of
400-4000cm-1.

CORROSION STUDY

Surface preparation of carbon stedl

The carbon sted! dloy type 410 containing, 0.12%
Ti, 0.085 %V, 11.27% Cr, 0.557% Mn, 0.354% Co,
0.077% Cu, 0.027% Zn, 0.009%M o and the remain-
der Fewereused inthisstudy. Thetest specimenswere
used in the form of sheets (2x2%0.2) cm, and of 6g
averageweight, the specimenswerefirst mechanicaly
polished with emery paper from 240 to 1200 grit to
obtain asmooth surface degreased with acetone, then
washed with doubledistilled water, and finaly dried
between two filter papersand weighed

Weight loss measurements

For the weight |oss method the specimens were
cleaned and dried. Theweight of each specimenwas
mesasured before and after immersionin0.5M HCl for
12 hintheabsence and presence of different concen-
trationsof corrosioninhibitor 0.0, 5.0, 10.0, 20.0,30.0
and 40.0 ppm. The changein weight wasrecorded to
the nearest 0.0001g. A blank experiment was carried
out simultaneously using M HCL solutionwithout in-
hibitor. Theweight losswasgiven by

AW =W, -W, (1)
Where W, and W, are the weight of specimen before and after
immerson, respectively. Theinhibition efficiency %1 wascom-
puted by the equation:

AW-AW, -

1% =
Where AW and AW, are the weight losses per unit area in
absence and presence of the inhibitors, respectively. The cor-
rosion rate was then calculated as:

mpy = <% 3
DAT

Where, K = 3.45 x 108, W = weight loss. D = density of speci-

men in g cm3, A = area of specimen, (cm?) and T = exposure

time, (hours).
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Electr ochemical measurements

Electrochemical experimentswerecarriedoutina
glasscdl (CEC/TH-Radiometer) with acapacity of 100
ml. A platinum el ectrode and saturated calomel elec-
trode (SCE) were used as a counter electrode and a
reference e ectrode. Theworking lectrode (WE) was
intheform of adisc cut fromc. sted under investigation
and was embedded in a Teflon rod with an exposed
areaof 0.867 cn?. Electrochemical impedance spec-
troscopy (EIS), potentiodynamic and linear polariza-
tion were conducted in an € ectrochemical measure-
ment system (Voltalab40) which comprisesaPGZ301
potentiostat, apersona computer and VoltaM aster 4
and Zview software.

The potentiodynamic current—potential curves
were recorded by changing the el ectrode potential
automatically from—800 to 0 mV with scanning rate
of 5mV s-1. The polarization resistance measure-
ments were performed by applying acontrolled po-
tential scan over asmall rangetypically 15 mV with
respect to Ecorr. Theresulting current islinearly plot-
ted versus potential, the slope of thisplot at Ecorr
being the polarization resistance (Rp). All experiments
were carried out in freshly prepared sol ution at room
temperatures. The acimpedance measurementswere
performed at corrosion potentials (Ecorr) over afre-
guency range of 100 kHz10 mHz, with asignal am-
plitude perturbation of 10 mV. Nyquist plotswere
obtained.

Scanning electron microscopy (SEM) and (EDX)
microscopy

A JEOL (5300 Japan) scanning el ectron micro-
scopeweretilized to examinethe surface morphol ogy
of various specimensof carbon steel aloy in case of
polished surface only and thoseimmersed in 0.5 M
hydrochloric acid in absence and presenceof inhibitor
at 30.0 ppmfor 24 hr . Thisinstrument wasoperatedin
asecondary electronimaging modewith an accel erat-
ing voltage of either 10 or 20 KeV. Inthe present in-
vestigation two magnificationswere sal ected, 750 and
2000X.

Woteriols Science mmm—

RESULTSAND DISCUSSION

FTIR spectroscopy analyses

Figure 1 showsthat the characteristic diagramfor
AEDSHE compound. Theband appeared at 519 cm*
for stretching vibration of thealiphatic straight chain—
C—C- skeleton, the band appeared at 749 cm™ for
stretching vibration of |(CH.,),- groups, the band ap-
peared at 1078 cn? for stretching vibration of the pri-
mary —~CH,~OH group, the bands appeared at 1135
and 1340 cm* for stretching vibration of -CH(OH)—
groups, the band appeared at 1627 cmr for stretching
vibration of the—C=C- group conjugated with—C=0
group, the bands appeared at 2303, 2381 and 3424
cm* for stretching vibration of -NH-and -NH, groups
and the band appeared at 2959 cm'* for stretching vi-
bration of the—CONH- group. The band appeared at
598 cm* for stretching vibration of the primary -CH .-
OH group, theband appeared at 801 cm™ for stretch-
ing vibration of CH,-Si—CH, group, theband gppeared
at 914 cm*for stretching vibration of CH,-NH-CH,
group, the band appeared at 1025 cm for stretching
vibration of the primary -NH,, group, the bands ap-
peared at 1078, 1258 and 1401 cm? for stretching
vibration of -CH(OH)- groups.
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Figurel: |.R spectraof (AEDSHE) inhibitor

Weight lossmethod

Theweightlossof carbon sted specimensimmersed
in 0.5M HCI solution decreased with increasing con-
centration of AEDSHE (Figure 2). Thisindicatesthat
thiscompound has aretardation effect on the dissolu-
tion of stedl by the action of theacid. Inthe other words,
it actsasacorrosioninhibitor, probably through the
formation of barrier film betweenthemeta surfaceand
theacidic medium. Thelinear variation of weight loss
versustime of immersion suggeststhe absence of in-
soluble surfacefilmsduring the corrosion process.
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Figure 2 : Weight loss- time curves form carbon steel in
0.5M HCI in absence and presence of different
concentrationsof theinhibitor

The mechanism of inhibitor may occur by ad-
sorption of theinhibitor on the metal surfaceand then
impedance of corrosion isaffected either by merely
blocking thereaction sites or by altering the mecha-
nism of the anodic and cathodic partial processes.
Theformation of filmson the surface of the metal
appearsto be dueto chemisorptionsof active, amino
amide, siloxane and hydroxyl groupsthrough nitro-
gen, silicon and oxygen atomswhich can donatetheir
unshared electron pairsto Fe leading to protective
film. Furthermore, the rate of corrosion (K) de-
creases with increasing the inhibitor concentration
(TABLE 1 & Figure3).
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Figure 3 : Effect of concentration of the inhibitor on the
corrosion rateof carbon steel in 0.5M HCI after 168hrs

TABLE 1: Corrosion inhibition of theinhibitor at different
concentrationsin 0.5MHCI, at 298 K

Concentration Rate .Of Coverage Efficiency
(ppm) corrosion surface (1%)
(mpy) (6)

blank 271 - -
5 75 0.7232 72.32
10 51 0.8128 81.28
20 42 0.8465 84.65
30 25 0.9096 90.96
40 22 0.9181 91.81

Itisnot worthy that the efficiency of inhibitionin-

—== Py Paper

compound, (TABLE 1, Figure4), which probably sug-
geststheformation multilayer of moleculesonthesur-
face of themetd causingashieldingfor themetal from
comingincontact withtheacid solution. Thiseffect dso
agreeswith cal culation of the coveragearea(6) which
showsadirect relation with the concentration of the
compound under examination.
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Figure 4 : Effect of concentration of the inhibitor on the
efficiency of carbon stedl in 0.5M HCI after 168 hr

Adsor ption isotherm: Thedataobtained for 6 sum-
marized in TABLE 1. Showsthat, thereisaninverse
relation between therate of corrosion and the surface
coveragearea. The0 value near unity indicates almost
afull coverageof themetd surfaceand consequently 6
iIsconsidered asagood barrier shielding the corroding
surfacefrom corrosi ve medium and retarding the cor-
rosion rate of carbon stedl.

From Langmuir plots(Figure5), itisfound that, the
investigated compound show linear plotswhich sug-
geststhat it obeysLangmuir adsorption represented by
thefollowing equation:

logC =log 0/1-0-logA (5)
logA =-1.74- AG/ 2.303RT (6)
181 =018
16 4 R = 05375
14 1
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Figure5: Dependenceof Log0/1-0 concentration for the
inhibitor

Thedopeof thisisotherm deviatesfrom unity which

creaseswithincreasing the concentration of thetested  assumes that, there is no interaction between the
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adsorbed molecules, however in practice; thereisa
mutual repulsion or attraction between the adsorbed
specieson themetal surface*?.

Theeffect of temperaturewith respect toactivation
and thermodynamic parameters

Comparison of Figure 6 and Figure 7, showsthat
addition of 40 ppm of AEDSHE greatly suppressed
thedissolution of steel in 0.5 M HCI athoughin ab-
sence or presence of thiscompound corrosion in-
creaseswith raising the temperature of the aid solu-
tion, yet the weight loss was much lessin the pres-
ence of the addition, which meansthat the compound
iseffectivein both low and relatively high tempera-
ture (35— 65 °C) The values of corrosion rate ob-
tained at different temperatures permit the calcula-
tion of the Arhenius activation energy, Ea*, accord-
ing tothefollowing equation

logK =-Ea*/2.303RT +logA @)

Where A is the Arhenius pre-exponential factor, a constant
which depends on the metal type and the electrolyte, K isthe
corrosion rate, R is the universal gas constant and T is the
absolute temperature.
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Figure 6 : Weight loss- time curve of carbon steel in 0.5M
HCI at different temperature
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Figure7: Weight loss- timecurveof carbon stedl in0.5M HC
in presence40ppm of inhibitor at different temperature
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Figure8: LogK and /T curvefor C sted dissolutionin 0.5M
HCI in presence of 40ppm of inhibitor at different
temperature

TABLE 2: Thefollowingisthethermodynamic parameter sat
different temperatures

T AG AH AS
298 9.458 -517.99 -1.7
308 9.775 -434.858 -1.44
318 10.093 -351.718 -1.1377
328 10.41 -268.578 -0.85
338 10.728 -185.438 -0.58

Open circuit potential measur ements(OCP).

Figure9illustratesthe variation of the potentia of
carbon stedl e ectrode asafunction of theperiod of ex-
posurewas measured against (SCE). It isclear that, he
corrosion potentia of carbon steel eectrodein 0.5M
HCl solution (blank curve) tendstowardsmorenegative
vauefirstly, giving riseto short step, which represents
thebreak down of the pre-immersion, air formed oxide
film present on the surface according to the equation:

Fe,0,+6H+ +2e— 2Fe +3H,0 ®)

Thisisfollowed by the growth of anew oxidefilm
inddethesolution, sothat thepotentia wasshiftedagain
tomore nobledirection until steady state potentia is
established. Additionsof theinhibitor moleculespro-
duceapositiveshift in Ecorr and asthe concentration

A5 BT HCL
£ PPm

18 PFin
28 PP
20 Pl
48 FFm

Figure9: Potential-timecurvesfor mild steel in 0.5M HCl in
absence and presence of various concentrations of the
inhibitor
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of theinhibitor increases; the corrosion potentia was
shifted tomorenobledirection

Electrochemical polarization measurements

Potentiodynamic polarization curves(Fgure 10) for
carbon steel aloyin 0.5M HCI solutionand in pres-
ence of 5, 10, 20 30 AND 40 ppm of the AEDSHE
compound aswell assomeed ectrochemical parameters,
namely, corrosion potential (E_, ), cathodic (b_) and
anodic (b,) Tafel dopes, corrosion current density (1),
coverage surface (0) and inhibition efficiency (1%) are
giveninTABLE 3.
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Figure10: Polarization curvesfor carbon sted inM HCL in
absenceand presenceof different concentrationsof inhibitor

TABLE 3 : Parameter s of potintodynamic polarization of
carbon steel electrode in 0.5M HCI containing arious
concentrationsof theinhibitor (CV1) at 298 +£2K

Conc. -Ecor, lcorrs , Rp, , ba, b, CR E%

(PPm) mV_mA/Cm-~ QCm“° mV/dec mV/de MMY @

Blank -526 0.42 76.36 168 -220 9.986 0.0 0.0
5 -542 0.12 90.19 154 -149 1449 0.71 71.40
10 -548 0.09 523.46 155 -139 1.062 0.78 78.57
20  -560 0.08 -1683.02 204 -145 0.985 0.81 80.95
30 -577 0.07 185.39 174 -132  0.797 0.86 85.71
40 -573 004 -159964 174 -107 0499 0.90 90.47

The data show that the Icorr values decreased
considerably with theincreasein theinhibitor concen-
tration. Ecorr shifted to more negative val ues, there-
foretheseinhibitors acts predominantly as cathodic
inhibitorg? and consequently adsorption mechanism
ismuch morelikely at the cathodic sites. The effect of
inhibitor type and concentration was observed onthe
values of baand bc, so that these inhibitor obstruct
theavailable surface area; it seemsthat film formed
on the metallic surface became more uniform with
concentration, whilemolecular structuremay affect film
resi stance dueto chemical bonding naturewith metal-

—= Fyl] Paper

lic surface. Theinhibition efficiency, E (%), wascal-
culated according to procedures devel oped by other
authord?¥: it was obvious that the E (%) increases
withincreasing theinhibitor concentration. Theinhib-
iting effect of these compoundswas attributed to the
formation of achemica bonding between inhibitor and
metdlic surface??%1, Adsorption of compound through
nitrogen e ement of primary amino group and oxygen
molecules dueto its capability of shearinglonepair
electrons.

Itisnoteworthy that theresults obtained from el ec-
trochemical measurements agreewell with those ob-
tained from both weight lossand open circuit potential
determinations.

ElS Measurements

Figure 11 Showstypica Nyquist impedance plots
obtained for carbon steel electrode at an open cir-
cuit potential. The dotted curvesrepresent the ac-
tual dataand the solid linerepresentsthe best fit us-
ing the equivalent circuit shownin Figure12 .The
dataobtained by fitting the equivalent circuit listed in
TABLE 4 Indicate that theincreasein inhibitor con-
centrationsrai sesthepolarization resistance (Rp). It
has been* reported that, the semicirclesat high fre-
guenciesare generally associated with therelaxation
of electrical double—layer capacitors, and the diam-
eters of the high frequency capacitive loops can be
considered asthe charge— transfer resistance. This
suggests that the electron transfer reaction corre-
sponding to the second semicircletakesplacethrough
the surface layer, which limits mass transport
(Warburg) or actsjust likeanother resistor. The pres-
ence of the Warburg (W) impedance indicates that
themasstransport islimited by the surface covered
with organoamideinhibitor layers.

Theinhibition efficiency, 1%, of organoamidein-
hibitor for the carbon steel aloy electrode canthen be
cd culated fromthefollowing equation:

1% =Rp-Rs/Rpx 100 9)

Where Rs and Rp are the charge transfer resistance in the
blank and in the presence of organoamide inhibitor, respec-
tively. A slight decrease of C, values has been detected,
which considers with the suggestion that organoamide in-
hibitor acts as corrosion inhibitor by adsorption onto the
metallic surfacel'2%,
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Figure 11 : Nyquist diagram for the carbon steel electrode
immersedin 0.5M HCI solution in absenceand pr esence of
different concentrationsof inhibitor

Figure12: Equivalent circuit R(Q(R(Q(R(CR))))) used tofit
experimental datarepresentedin Figure11

TABLE 4: Impedancemeasurementsand inhibition efficien-
cies for carbon steel in 0.5M HCL containing different
concentrationsof inhibitor

Pm acm " ewt %
Blank 17.34 0.8764 9.88E-5 -
5 573.2 0.8934 1E-20 35
10 1E-7 0.9092 9.022E-6 61
20 67.64 0.8682 0.03438 73
30 1197E-7 0.9178 5.556E-6 7
40 0.01399 0.8777 1.448E-5 81

Scanning electron microscopy (SEM)

Scanning el ectron microscopy was used to exam-
inethe surface morphol ogy of the carbon steel speci-
mensimmersedin 0.5M hydrochloric acid solutionin
absence and presence of 40 ppm of inhibitor. Figure
13ashowsacharacteristic of theimmersion carbon sted,
whichisprobably an oxideinclusion. Ontheother hand
Figure 13b showsthe surface of carbon steel specimen
after immersionin 0.5M hydrochloric acidand 40ppm
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Figure 13a Figure 13b
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il Soaie 37H cix Cureer: -).060 (0 cts) ' Figll B 500 0 Caarga 1| OO0 s

Figure 13c

Figure 13d

Figure 13: Scanning electron micr ographsof carbon stedl (a) sampleafter after immersionin 0.5M HCL solution without
inhibitor X =750, (b) sample X =750 and sampleafter immersionin 0.5M HCL solution containing 40 ppm of inhibitor and

c,dtheEDX
Wotervioly Science mmm—
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for 72 hr. Scanning el ectron micrographsreveal that
the surface was strongly damaged by corrosion in ab-
senceof inhibitor however, much lessdamage of the
surfaceisobserved on the addition of theinhibitor to
theacid solution proximally asaresult of theformation
of protectivefilm of theinhibitor onthe metal surface.
The protectivefilm formation of inhibitor onthe surface
of carbon steel in presence of 40 ppm of inhibitor. It
appear asmultilayer using magnification X=750and
X= 2000, 750 and 2000 Figures 13c and d, respec-
tively.

The results obtained from the (SEM) technique
explainthoseobtained fromwel ght lossmethod and all
electro chemical data. Also, theEDX analysisFigures
13c and d showsthe elemental analysisof theimmer-
sion of specimensin 0.5 M HCI without and within-

hibitor, respectively.
CONCLUSION

- Synsization of the new corrosion inhibitor and
characterization of it by FT.IR.

- Examination of the prepared compound ascorro-
sioninhibitor at concentration 0.0, 5.0, 10.0. 20.0,
30.0 and 40.0 ppm.

Bentiss, M. Lagrene’e, Appl. Surf. Sci. 185 (2002)

197.

- The0.5M HCI used aselectroyt solution.

- Theevauation carrid out by using weight loss,
el ectropol arization, impedance, SEM and EDX
techniques.

- Thenetresultsindicated theeffect of inhibitor on
the corrosi on phenomena.
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