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ABSTRACT

The inhibitive action of 3-Ethyl-4-amino-5-mercafito2, 4-triazole on the corrosion behavior of 608/1-15 vol.

pct. SiC(p) composite and its base alloy was studiedifferent temperatures in sulphuric acid nuedicontaining
varying concentrations of it, using Tafel extragaa technique and AC impedance spectroscopy (R83ults
showed that EAMT was an effective inhibitor, shgwimhibition efficiency of 85% in 0.5 M sulfuricidc The
adsorption of EAMT on both the composite and bdksy avas found to be through chemisorption obeying
Langmuir adsorption isotherm. The thermodynamicapeeters such as free energy, enthalpy and entrdpy o
adsorption, and activation parameters were calcedat
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INTRODUCTION

Aluminium matrix composites (AMCs) have receivedhsiderable attention for military, automobile areaspace
applications because of their low density, higlersgth and high stiffness [1- 5]. Further the additdf ceramic
reinforcements (SiC) has raised the performancésliof the Al (6061) alloys [6]. It is known thatuaninium
matrix composites exhibited better resistance tohamical wear than their base alloys and hencehbeg specific
strength for numerous weight sensitive applicatijgh8]. One of the main disadvantages in the usmethl matrix
composite is the influence of reinforcement on @sion rate. The addition of a reinforcing phaseld¢dead to
discontinuities in the film, thereby increasing tember of sites where corrosion can be initiated making the
composites more susceptible for corrosion [7,9wiver the high corrosion rates of these compggitasicularly
in acid media can be combated using inhibitors1PD,Due to the wide applications of such compasitaey
frequently come in contact with acid during cleapipickling, descaling, etc. A wide variety of cooymds are used
as inhibitors in acid media. These are mainly oilgaompounds containing N, S or O atoms [10-14] enitital use
of these compounds in industries has also beeewed [15-17]. Owing to their usefulness in sevestabes of
process industries, organic compounds containin@y bband S atoms function as better adsorptionbitdrs
because of their lone pair of electrons and poddune of the molecules [18]. Inhibitive action oA®T on the
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corrosion behavior of Al-SiC composites in 0.125 .5 M H,SO, solution at four levels of concentrations of the
inhibitor at five different temperatures are cadrgaut.

EXPERIMENTAL SECTION

2.1. Material

The experiments were performed with specimens 6fL68l-15 vol.pct. SiC(p) composite and its bas@alin
extruded rod form (extrusion ratio 30:1). The cosifion of the base metal 6061 Al alloy is givenTable 1.
Cylindrical test coupons were cut from the rods aedled with epoxy resin in such a way that, tleasiof the
composite and the base alloy, exposed to the mediera 0.95 crhand 0.785 cf respectively. These coupons
were polished as per standard metallographic pechelt grinding followed by polishing on emeryppes, and
finally on polishing wheel using levigated alumit@ obtain mirror finish. It was then degreased wattetone,
washed with double distilled water and dried befarmersing in the corrosion medium.

2.2. Medium

Standard solution of sulphuric acid was preparechfanalytical grade (Nice) acids. The three sohgtiosed for the
study were with the following concentrations of guric acid respectively: 0.5 M, 0.25 M and 0.125 M
Experiments were carried out using calibrated tlostat at temperatures 3G, 35°C, 40°C, 45°C, 50°C (x0.5
°C). Inhibitive action of EAMT on the corrosion befiar of Al-SiC composites in 0.125 M - 0.5 M,80, solution

at four levels of concentrations of the inhibitofige different temperatures are carried out.

2.3. Electrochemical measurements

2.3.1. Tafel polarization studies

Electrochemical measurements were carried out lmguen electrochemical work station, Auto Lab 3@ &PES
software. Tafel plot measurements were carried umihg conventional three electrode Pyrex glass wih
platinum counter electrode and saturated caloneetrelde (SCE) as reference electrode. All the wabfepotential
are therefore referred to the SCE. Finely polisbethposite and base alloy specimens were exposedrtosion
medium of different concentrations of sulphuricdaet different temperatures (3C to 50°C) and allowed to
establish a steady state open circuit potentiak Pphtentiodynamic current-potential curves wereomded by
polarizing the specimen to -250 mV cathodically arg60 mV anodically with respect to open circuiteguuial
(OCP) at scan rate of 1 m\*.s

2.3.2. Electrochemical impedance spectroscopy esudlS)

The corrosion behaviors of the specimens of the pomite and the base alloy were also obtained fra& E
technique using electrochemical work station, Auad 30 and FRA software. In EIS technique a smalplgude
ac signal of 10 mV and frequency spectrum from K89 to 0.01 Hz was impressed at the OCP and immeddata
were analyzed using Nyquist plots. The charge feanesistance, Rwas extracted from the diameter of the
semicircle in Nyquist plot.

In all the above measurements, at least threeasimgbults were considered and their average valtgeseported.

2.4. Synthesis of 3 - Ethyl - 4 - amino -5 - metoafi, 2, 4 - triazole

3 - Ethyl - 4 - amino -5 - mercapto -1, 2, 4 -zoke was synthesized and recrystallised as paetated procedure
[19]. A mixture of thiocarbohydrazide (10g) andojionic acid (60 ml) was heated, under reflux arewgauze for

4 hours. The product was recrystallised from ethabolourless shining crystals were obtained. Téwrystallised

product was checked by IR, elemental analysis agltimg point.
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2.5. Scanning electron microscopy (SEM) analysis

Imaging was done on an FEI Quanta 400 ESEM in th¢ad mode, without any gold coating, 30kV accelieig
voltage and appropriate spot sizes of the bean). (Bt stubs were placed in the specimen chamhge sising
double-sided graphite coated tape in order to refdeimove any sample drift. The EDX spectra of trepdes were
recorded using JEOL JSM — 6380 LA analytical scagmilectron microscope.

RESULTS AND DISCUSSION

3.1. Potentiodynamic polarization (PDP) measurement

The polarization studies of aluminum specimens wengied out in 0.125 M — 0.5 M sulphuric acid smns
separately in absence and presence of differenterrations of EAMT. Fig. 1 and Fig. 2 represents
potentiodynamic polarization curve of 6061 Al — Si@mposite and its base alloy at various conceotrsitof
EAMT in 0.5 M sulphuric acid at 30C solutions in the absence and presence of EAMMIl&i results were
obtained in the same concentrations of acid medainfour other temperatures and also in the other tw
concentrations of the sulphuric acid at the fiveperatures studied. The following conclusions camiawn from
the figures.

The potentiodynamic polarization parameters likeasion potential (E:), corrosion currents {J) and cathodic
slopes ( b are calculated from Tafel plots for both the casife and base alloy. The data in the Table 2 Iglear
show that the addition of EAMT decreases the carosates of both the composite and the base alitybition
efficiency increases with increasing EAMT concetitra For the inhibited systems, the values gf;lre shifted to
more negative direction and leftward displacemerihe cathodic branch of the curves. According2 22] these
are typical features of cathodic inhibitors, thiiryg in agreement with the results obtained forotiluminum
alloys.

Since the leniar portion at the anodic region isvaell defined, the corrosion current densities@determined by the
extrapolation of cathodic Tafel slopes to the retipe corrosion potentials. The Tafel slopes remalimost
unchanged for the uninhibited and inhibited systeimdicated that the inhibitive action of EAMT ocoed by
simple blocking of the available area. In other dgrthe inhibitors decreased the surface areaadlaifor anodic
dissolution and hydrogen evolution without affegtthe reaction mechanism and only causes inadivaii part of
the surface [23, 24]. This fact is an importantestation, since the presence of SiC particles & dbmposite
initiates cathodic sites which is responsible far higher corrosion of the composite than thahefliase alloy [7,
9]. Therefore blocking of these sites via EAMT agiéion would result in decreasing the corrosiore raf
composite to a greater extent as compared to the &lloy. The comparison of inhibition efficiencly BAMT for
the composite and base alloy at different conctatra and different temperatures shows that thibitbn effect is
more on the composite than on the base alloy. Atrease in the efficiency of the inhibitor in threse of composite
may be due to its heterogenic nature, where therfiocation of silicon carbide acts as the poterdiive site for
the adsorption of the inhibitor. The increase imitiition efficiency with increasing inhibitor coneiation indicates
that more inhibitor molecules are adsorbed on teahsurface, thus providing wider surface coverage

The electrochemical parameterso icor, by @nd R) associated with the polarization measurementdifegrent
EAMT concentrations as well as at different tempees for the composite and the base alloy in 0.5ulhuric
acid media are listed in Table 2.

g — loors (uninh) — i

inh
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i,,pe Luninh)

Inhibition efficiency can be calculated
IE (%) =6x100 3)
3.2. Electrochemical impedance spectroscopy (EKsarements

Corrosion behavior of 6061 Al- SiC composite arsl base alloy were carried out in 0.125 M- 0.5 M5G,
solutions separately in absence and presence fefratfit concentrations of EAMT. Fig. 3 and Fig. $resents
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Nyquist plots of 6061 Al — SiC composite and igsé alloy at various concentrations of EAMT in B13H,S0O, at
30°C respectively.

As can be seen from the Fig. 3 and Fig 4, the irapee diagrams show semicircles, indicating thatctreosion

process is mainly charge transfer controlled. ligo clear from the figures that the shapes ofrtipedance plots
for inhibited specimens are not different from thasf uninhibited one. The presence of inhibitorréases the
impedance but doesn’t change other aspects ofdhavibr. These results support the results of pioynamic

polarization measurements that the inhibitor dossatter the mechanism of electrochemical reacti@sponsible
for corrosion. In the Nyquist plots for the 6061%iC composite, the impedance spectra consists lafrge

capacitive loop at high frequencies (HF) and aruatide loop at low frequencies (LF). Similar impeda plots
have been reported in literature for the corrogbpure aluminium and aluminium alloys in variodsatrolytes

such as sodium sulphate [25 -27], sulphuric aci] §Z] acetic acid [26], sodium chloride [28 , 281 hydrochloric
acid [24, 30 — 35]. The general shape of the cign@milar for all individual samples of the badky with large

capacitive loop at high frequencies (HF) and aruatide loop at intermediate frequencies (IF), folém by a
second capacitive loop at low frequency (LF) valuSbnilar results have been reported in literatfoe the

corrosion of pure aluminum in acidic and neutrdlisons[25, 26].

The high frequency capacitive loop could be assigimethe charge transfer of the corrosion proceskta the
formation of oxide layef36, 37]. The oxide film is considered to be a fafaircuit of a resistor due to the ionic
conduction in the oxide film and a capacitor dueittodielectric properties. According to Br¢&l, 33], the
capacitive loop is corresponding to the interfacgglctions, particularly, the reaction of aluminoridation at the
metal/oxide/electrolyte interface. The processidek the formation of Alions at the metal/oxide interface, and
their migration through the oxide/solution inteachere they are oxidized to %Al At the oxide/solution interface,
OH or &% ions are also formed. The fact that all the thpescesses are represented by only one loop could be
attributed either to the overlapping of the loopgpmcesses, or to the assumption that one pratmsinates and,
therefore, excludes the other proce$s#g] The other explanation offered to the highgfrency capacitive loop is
the oxide film itself. This was supported by a &neelationship between the inverse of the capaoitaand the
potential found by Bessone et.ahd Wit and Lenderink [ 27, 28]

The origin of the inductive loop has often beenilaited to surface or bulk relaxation of specieshia oxide layer
[29]. The LF inductive loop may be related to tleakation process obtained by adsorption and imratjpn of
sulphate ions, oxygen ion and charged intermediateand into the oxide filif26]. The second capacitive loop
observed at LF values could be assigned to thelndétaolution[25]. The measured values of polarization
resistance increase with the increasing conceotratf EAMT in the solution, indicating decreasethie corrosion
rate for the base metal with increase in EAMT caomi@ion up to critical concentration of the intdsi This is in
accordance with the observations obtained fromrpiagynamic measurements.

However, in the case of Al/SIC composites, the ioleth semicircles in absence or in presence of itdrilvere
depressed. Deviation of this kind are referredstér@quency dispersion, have been attributed torimdgeneties of
solid surfaces, as the aluminum composite is redefd with SiC particles. Mansfeld et al. [36, 3igve suggested
an exponenh in the impedance function as a deviation paranfeven the ideal behavior. By this suggestion, the
capacitor in the equivalent circuit can be replalbgd so-callecdonstant phase element (CPE) that is a frequency-
dependent element and related to surface roughimkesimpedance function of a CPE has the followgggation
[26]

z = ()

FE (Y je)®

where the amplitud¥, andn are frequency independent, ands the angular frequency for whiclz —eaches its
maximum valuesn is dependent on the surface morphologysn<ll. R andCPE haveopposite trend at the whole
concentration range. It can be supposg®d a protective layer covers the surface of teetede. The IE% values
indicate that by the increase of inhibitor concatins, theirvalues increase too. The double layer between the
charged metal surface and the solution is considasean electrical capacitor. Thdsorption of EAMT on the
aluminum surface decreases its electricapacity because they displace the water molecahes other ions
originally adsorbed on the surface. The decreagshigncapacitywith increase in EAMT concentrations may be
attributed to the formation of a protective layer the electrode surface. The thickness of thisegtite layer
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increases with increase in inhibitor concentratignto their critical concentration. The obtainedECf) values
decreases noticeably with increase in the cond@mtraf EAMT up to their critical concentration. the case of
composites, adsorption of negatively charged hatems andt electrons of the benzene ring of EAMT at the
Al/SiC interface occurs to a better extent than tee alloy.(Q is inversely proportional to theckimess of the
surface film or protective layer). In the case abb alloys due to the homogenous surface, frequaispgrsion is
very less. Therefore the obtained semicircles m ithpedance spectra are less depressed. The iadredke
efficiency of the inhibitor in the case of compesihay be due to its heterogenic nature, wherenit@rporation of
silicon carbide acts as the potential active sitalie adsorption of the inhibitor.

The measured values of charge transfer resistanttieate that the rate of corrosion decreases withease in
concentration of inhibitor solution. Since R inversely proportional to the corrosion currantd it can be used to
calculate the inhibition efficiency from the retati

NS
R, |.-| R
Eop=t_tJ0 L tlying (5)
1
Ry |

where [R]o and [R] are the charge transfer resistances in the pcessmd absence of inhibitors.

A comparison of the inhibiting efficiencies obtaihesing a.c. and d.c methods show that acceptajpézment is
achieved. In the studied frequency range, the systuld be described by two time constant modekhasvn in
Fig 5. An equivalent circuit of five elements depit in Fig. 5 a was used to simulate the measunpédance data
as shown in Fig. 5 b. In this equivalent circuitiRkthe solution resistance andifthe charge transfer resistance. R
and L represent the inductive elements. This atswists of constant phase element, CPE (Q) in Ipatal the
parallel resistors Rand R, and the later is in series with the inductor Lhé&l an inductive loop is present, the
polarization resistance,Ran be calculated from equation (6):

_ Ry X R,

g =
R, + R, )
An equivalent circuit of nine elements depictedrig. 6 a was used to simulate the measured imped#ata of the
base alloy as shown in Fig. 6 b. In this equivaE@rtuit R is the solution resistance andifthe charge transfer
resistance. Rand L represent the inductive elements. This atswsists of constant phase element; CPE (Q) in
parallel to the series capacitorg, C, and series resistors,RR,, R_and R R_ is parallel with the inductor L. When

an inductive loop is present, the polarizationstesice Rand double layer capacitancg €an be calculated from
equations (7) and (8):

R=R+R+R+R (7)
Ca=C+GC (8)

It can be seen that;Rsolution resistance) remain almost constant, aittl without addition of EAMT for both the
composite and its base alloy. It was also obsefvath Table 3 that the value of constant phase elemQ
decreases, while the value ofiRcreases with increasing concentration of EAMTtaipheir critical concentration,
indicated that the inhibitor inhibits the corrosiofi 6061 Al-SiC composite and base alloy by theogotion
mechanism [38].

The double layer between the charged metal sudadethe solution is considered as an electricahditgr. The
adsorption of EAMT on the aluminum surface decredt®e electricalcapacity because they displace the water
molecules and other ions originally adsorbed onstiréace. The decrease in this capawiith increase in EAMT
concentrations may be attributed to the formatiba protective layer on the electrode surface. fhiekness of this
protective layer increases with increase in inbibitconcentration up to their critical concentratiand then
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decreases. The obtained CPE (Q) values decreadefmuriease in the concentration of EAMT. Decreas€PE,
which can result from a decrease in local dieleatonstant and/or an increase in the thickneshefetectrical
double layer, suggest that the inhibitor molecaesby adsorption at the metal/solution interfaidee values of n
obtained for EAMT inhibitor systems were close tityiwhich shows that the interface behaves nezapacitive.

The Bode plots for 6061 Al/ SiC composite and igsé alloy with and without inhibitor, obtained aCB, are
presented in Fig. 7 and Fig. 8. It is apparent, tihnathe case composite, the phase angle maximauéteebroad after
addition of EAMT where as there is no noticeablarae was observed for the base alloy.

3.3. Effect of the immersion time

Electrochemical impedance spectroscopy is a usethinique for long time tests, because they dasigmificantly
disturb the system and it is possible to followvertime [56]. Immersion time experiments in thegamt work were
carried out in various concentrations of acid migtoontaining 400 ppm of inhibitor for 300 min aNglquist plots
were recorded every 10 min during the initial 4Gyand then every 30 min afterward. The resultaiobtl (not
shown here) showed that the immersion time hagat gnfluence on the size and shape of the impedspectra,
and therefore the inhibition efficiency of the ibior. The capacitive loop was found to increassize with the
increase of immersion time, reaching a maximumdmn and remained fairly constant afterward. Moetails are
shown in Fig. 9, which represents the variatiomath R and CPE with the immersion time recorded for EAMT
0.5 M sulphuric acid concentration at 30. Similar results were obtained for other two aarications of the
sulphuric acid. It is obvious from Fig. 9, that fRevalues increased from 345 to 480cn¥ during the initial 40 min
and remained fairly constant afterward. At the séime, the capacitance values were reduced drigtioam 122
to 55 uF cnf after 40 min and remained fairly constant aftedvarhis means that the formation of the inhibitor
surface film, and therefore the inhibitor adsomption the electrode surface was fast and compietidach 40 min.
These results demonstrate that the inhibition iefficy increases with increasing immersion timés hossible that
with increasing immersion time and concentrationgompact adsorbed film of the inhibitor is formed the
aluminium surface, since adsorption of more EAMTaigllitated on the aluminium surface. The formataf such
adsorbed film is confirmed by EDX examinationstuf electrode surface.

3.4. Effect of temperature and activation paransetéinhibition process

It is observed that EAMT exhibits corrosion inhibg property at all studied temperatures and tHeegaof % IE
for EAMT increase with increase in temperature. [&ab gives the idea of change of electrochemicehmpaters
with temperature obtained from PDP measuremental afomposite and its base alloy in 0.5 M39, in the
absence and presence of various concentrationaMTE

Thus EAMT efficiencies were temperature dependeanov [39] considers the increase of % IE withregase of
temperature as the change in the nature of theattso mode, the inhibitor is being physically adsed at lower
temperatures, while chemisorption is favoured asptrature increases. Plot of In (corrosion ratejuse 1/T for
6061 Al composite and its base alloy in 0.5 M suhihacid in absence and presence of various coratems of
EAMT are shown in Fig. 10 and Fig. 11. As showmnnirthese figures, straight lines were obtained atingrto
Arrhenius — type equation:

, E
In(corrosionrate) = A— ??r

9)

where K is the corrosion rate, A is constant depeml metal type and electrolyte, & the apparent activation
energy, R is the universal gas constant and Teisbisolute temperature.

Plot of In(corrosion rate/T) vs 1/T for both thergaes of aluminium 6061 in 0.5 M sulphuric acidaibsence and
presence of various concentrations of EAMT is shawhig.12 and Fig.13. As shown from these Figustsight
lines were obtained according to transition statea&on:

BT asF an®

CorrosinnrME:N— eR g RT

(10)
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where h is Planck’s constant, N is AvogadraumberAH” is the activation enthalpy an&S’ is the activation
entropy. The calculated values of apparent actimathergy, E activation enthalpie\H*, and activation entropies,
AS" are given in Table 5 and Table 6. These valueisatel that the presence of inhibitor decreasesttigation
energy, E and the activation enthalpiesH”. A decrease in inhibition efficiency with rise iamperature, with
analogous increase in corrosion activation energhé presence of inhibitor compared to its absesdeequently
interpreted as being suggestive of multilayer ptglsadsorption mechanism. The reverse effect, spamding to
an increase in inhibition efficiency with rise iemiperature and lower activation energy in presefidahibitor,
suggests the formation of chemisorbed monolayer488 The values okS’ are lower for inhibited solutions than
that for the uninhibited solutions. The lower valwgAS’ in the presence of the inhibitors implies that #etivated
complex is the rate determining step and represas¥sciation rather than dissociation meaning dhd¢crease in
disordering taking place on going from reactantthactivated complex [41]. Thus, the entropyhaf &ssociated
activated complex is lower compared to the reastarhis refers to the formation of activated compi®m the
reactants but not metal adsorbed- species reamtimplex from reactants.

3.5. Adsorption isotherm

In order to understand the mechanism of corrosidibition, the adsorption behavior of the organmis@bate on
the aluminum surface must be known. The degreaudhce coveraged] for different concentration of inhibitor
was evaluated from potentiodynamic polarizationasueements. A correlation betwedén and inhibitor

concentration in the corrosive

medium can be represented by the Langmuir adsarggatherm.

g _
(1-@) - KadsC (11)

where Kysis the equilibrium constant of the inhibitor adstown process and C is the inhibitor concentration.

A straight line was obtained on plottingdGigainst C, suggesting that the adsorption of tmepound on aluminum
surface follows Langmuir adsorption isotherm modéle slopes are close to 1, and the strong caiorldR >
0.99) proved that the adsorption of EAMT on theahstrface obeyed to the Langmuir’s adsorptiorhisgh. They
might be the results of the interactions betweenaitisorbed species on the metal surface [43]. ifievialues of K
for the studied inhibitor indicate strong adsorptiof inhibitor on the alloy surface. Adsorption tiserm for
different concentrations of EAMT, on the surfaces061 Al- SiC composite and base alloy in 0.5 Mphutic acid
at different temperatures are shown in Fig. 14Fkigd15.

The free energy of adsorptionG’,swas calculated using the relation,

5 _ 55.53]
AG® = —RTIn[ =25

(12)

where C is the concentration of the inhibitor esgesl in mole dit  The calculated values A%y for EAMT on

the composite and the base alloy were in the rasfge 27.3 to -33.7 kJ mdland -27.9 to 34.6 kJ mbl
respectively. The negative valuesA®’,q, suggest the spontaneous adsorption of EAMT omdheposite and base
alloy surfaces. Since the values 86%g of -40 kJ mof is usually accepted as threshold value between
chemisorption and physisorption, the obtained \@hfetheAG’,qs may be indicative of both physical and chemical
process [44]. According to Fragnani and TrabarjéHi], sulfur-containing substances easily chemisonto the
surface of metal in acid media, whereas nitrogeriaining compounds tend to favor physisorption sTuggestion
has been corroborated by the results of other euf6].

The enthalpy of adsorption was calculated usingaeged form of Gibbs — Helmholtz equation

AGoads: AHoads - TASOads (13)
The variation ofAG s with T for both the composite and base alloy gisesight line with intercept that equals
AHC,4s (Fig. 16 and Fig. 17). Figure shows the good ddproe 0fAG’,4s0n T, indicating good correlation among
thermodynamic parameters. The thermodynamic dat@rsa for EAMT adsorbed on aluminum composite and

base alloy are depicted in Table 7. The positige sif AH%,¢sin sulphuric acid solution indicates that the agton
of inhibitor molecule is an endothermic processn@aelly, an exothermic adsorption processl¢,gs< 0 ) signifies
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either physisorption or chemisorptions, while eheomic processAH%qs > 0 ) is attributable to chemisorption
[47]. In the present work, the absolute valuealdf,q for the adsorption of EAMT in 0.5 M 430, is 31.84 kJ mol

! and 35.97 kJ mdl for the composite and base alloy respectivelyjcatihg that this inhibitor is chemically
adsorbed. ThaS’,ys values in the presence of inhibitor are positiveaning a increase in disordering on going
from reactants to metal adsorbed species [48]. ilbeease in disordering may be due to desorptioalifady
adsorbed water molecules on the aluminium surfa€ais may overweigh the ordering of complex molesul
resulting from the adsorption of only inhibitoFhe observed disordering may also be due to theplexity of
chemisorption involved on the surface of the migta].

3.6. Effects of acid concentration
It was observed that as concentration of the a@dimincreases, the inhibition efficiency also @ages. The order
of increase of inhibition efficiency in differentid media is as follows. 0.5 M > 0.25 M > 0.125 M.

The explanation for the above trend are based @hé¢haviour of anions in the aggressive acid mé&d@bhu et al.
[42] have explained the interference of the adaubitor in the dissolution reaction at the metaltface in two
different ways i) competitive and ii) co- operatigdsorption processes. In the first way, the inbib¢ontaining
heterocyclic chemisorption centres like N, O antbBipetes with anions of the acid media like,S6@r sites at the
water covered anodic surface. In doing so, theopeted inhibitor loses its associated protons ttemaolecules
and enters the double layer and chemisorbs by thgnatectrons to the metal. In the second way,piteeonoted
inhibitor electrostatically adsorbs onto the anicovered surface, through its cationic form. The oggl$on

mechanism may occur as follows.

« Firstly, the acid’s anions ( S®) adsorb physically on the positively charged tstaface, giving rise for a net
negative charge on the metal surface.

» Secondly, the organic cations are physicallyaated to the anions layer which is formed on theahsairface.

Both these factors facilitates the higher adsorptidinhibitor in higher concentrated acid mediumthe present
study, the mechanism of inhibition of EAMT in dfiet three acid media takes place in both ways dgminantly
according to the first way.

As observed from the Table 7, the corrosion ratevels as the inhibition efficiency increases wittciease in
sulphuric acid concentration and is maximum in Bl5olution. The increase in the extent of adsorptd the
inhibitor on the alloy surface and in turn the gase in the inhibition efficiency can be attributedhe following
two facts:

The increase in the concentration of the acid exee the extent of protonation of the inhibitor ecales, thereby
facilitating their adsorption on the cathodic sites

With the increase in the concentration of the attid, anion of the acid (S©) adsorb physically on the positively
charged metal surface, giving rise to a net negativarge on the metal surface [34]. This furtheilifates the
adsorption of protonated inhibitor molecules.

3.7. Mechanism of inhibition

The corrosion inhibition property of EAMT throughsorption on the surface of the composite or thee lzdloy can
be attributed to the presence of electronegatieenehts like nitrogen and sulphur and also to tleseyce of
electrons on the benzene ring. The metal surfag®iiact with a solution is charged due to thetatefield that
emerges at the interface on the immersion in teet@llyte. This can be determined, according tordpuyv et al.
[50] by comparing the zero charge potential andrdst potential of the metal in the correspondiregdiam. The
value of pH¢n, which is defined as the pH at a point of zerorghas equal to 9.1 for aluminum [51]. So aluminum
is positively charged in highly acidic medium, &g ones used in this investigation. Therefore, tatip ions and
EAMT can be adsorbed on aluminium surface via thegative centres. Also, EAMT can be protonatedhiz
highly acidic solution used in the investigatioteTmechanism of adsorption of protonated EAMT cauptedicted
on the basis of the mechanism proposed for thesiom of aluminum in hydrochloric acid [52]. Accard to this
mechanism, anodic dissolution of Al follows steps

Al+CIT — Al CI_(ads) (14)
Al Cl agsy+ CI >AICl," +3€ (15)
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The cathodic hydrogen evolution is according toftiewing steps
H* + € > Hgs (16)
H(ads)+ Hadsi? Ha (17

In acidic solution, the nitrogen atom of the am@roup can be protonated. The protonated molecalesbsorb on
the cathodic sites of aluminum in competition witle hydrogen ions (equation 16). Co-ordinate coxalend
formation between electron pairs of unprotonateét&@n and metal surface can take place. Further, EAM
molecules are chemically adsorbed due to intenaafa—orbitals with metal surface following deprotonisatstep

of the physically adsorbed protonated moleculeshénpresent case, the valueA@’,q is -27.33 kJ meét to -34.63

kJ mol*, hence indicated that adsorption of EAMT on theiase of aluminum involves both physical and cheshic
process. But, as it can be seen from Table 7, ahees ofAG’,¢sincreased with increasing temperature, indicating
that EAMT adsorbed chemically on the surface ofralwm composite and base alloy.

3.8. Scanning electron microscopy

In order to evaluate the effect of corrosion on sheface morphology of the composite and the bHeg, SEM
analysis was carried out on the samples subjectedrtosion in acid mixture containing 0.5 M sulghwacid in the
presence and absence of the inhibitors. The SEMjemaf freshly polished surface of the composieegiven in
Fig. 18. Fig.19 shows deep cavities formed dugetachment of SiC particle from the composite werposed to
the acid mixture medium. This may be attributedh® corrosion at the interface between the particlé matrix
due to the galvanic action, with the particle agtas a cathodic site and resulting in the detachmwfethe particle
from the matrix. Fig. 20 show more or less smoailfaces of the composite, without pits in the pneseof
inhibitors. It can be concluded that, the adsoragdr of inhibitor provides a corrosion free smosthiface on the
composite

In order to gain the information about the surfaomposition of the composite and base alloy, EDXlists were
carried out on samples which were exposed to thesion medium in the presence and absence ofttibitor.
EDX spectra of the composite sample exposed tcstifyghuric acid medium in the absence of inhibitoovsed
spectral lines corresponding to aluminium, silicorygen and negligibly small peak correspondingutphur of
sulphate. In the spectra of the base alloy, thehsul peaks were not at all visible. The composkposed to
corrosion medium in the presence of inhibitors sbdwdditional carbon and nitrogen signals, indigagurface
coverage by the inhibitor. Presence of higher peegge of carbon and nitrogen on the surface ofctitaposite
samples than on base alloy reveals the higher piizorof EAMT on the composite than on the baseyalllhis
also accounts for higher inhibition efficiency amhed on composite sample than on the base allogleam
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Fig. 1. Polarisation curves of 6061 Al- SiC compite in 0.5 M H,SO, at 30°C in presence of different concentrations of EAMT
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Fig.19. SEM image of the surface of composite immsed for 168 hr in 0.5 M HSO, in the absence of EAMT

e L T —
mm

Fig. 20. SEM image of the surface of composite inersed for 168 hr in 0.5 M HSO; in the presence of 400 ppm of EAMT

Table 1 The composition of the base metal Al 6061lay

Element CuSiMg Cr Al
Composition (Wt.%0.250.61.0.25Bal
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Table 2 Electrochemical parameters obtained from pentiodynamic polarisation measurements of Al compsite and its base alloy at
various concentrations of EAMT at 30°C

Composite Base alloy
Conc of the Conc. of E, icorr -be IE Conc. of E, i corr -be IE
medium inhibitor (m{);) @Aem (mVdec % inhibitor (m% wAem  (mVdec %
M (ppm) (SCE) % b (ppm) (SCE) % )
0 -59¢ 91.£ 58 0 -60& 18.0¢ 35
50 -611 64.2 56 29.€ 25 -612 13.67 3C 24.2
0.5 100 -613 50.1 52 45.2 50 -614 11.00 29 39.0
200 -617 36.2 53 60.4 100 -618 8.33 28 53.8
400 -620 25.7 50 71.9 200 -624 6.78 25 62.4
0 -615 44.8 56 0 -622 10.45 28
25 -632 30.2 55 32.¢ 10 -63E 8.5¢ 24 18.1
0.25 50 -642 244 54 45.¢ 25 -63€ 7.17 22 314
100 -646 18.2 50 59.3 50 -634 5.86 21 43.9
200 -657 13.4 45 70.1 100 -628 5.05 18 51.7
0 -664 25.50 50 0 -679 5.36 20
10 -669 20.20 45 20.8 5 -682 4.68 15 12.7
0.125 25 -681 15.91 43 37.€ 10 -68¢ 4.2¢ 13 21.1
50 -687 13.2¢ 42 47.¢ 25 -694 3.7¢ 12 30.C
100 -691 10.10 40 60.4 50 -706 3.11 10 42.0

Table 3 Electrochemical parameters obtained from E5 measurements of Al composite and its base alloy\arious concentrations of
EAMT at 30 °C

Composite Base alloy
Conc. of the medium Conc. of inhibitor R, CPE (IOE) Conc. of  inhibitor R, CPE (Iol/i)
(M) (ppm) (Qcenf)  (uF cnt?) (ppm) (Qcnf)  (pF cnt?)
0 93.¢ 222 0 36( 27.1
50 136 182 30.5 25 483 26.6 253
0.5 100 176 155 46.7 50 608 252 40.2
200 245 135 61.3 100 809 232 55.6
400 345 122 72.5 200 956 19.5 62.9
0 26¢ 17¢ 0 457 234
25 40z 14z 334 1C 567 21.€ 19.1
0.25 50 501 136 46.8 25 678 184 32.6
100 684 122 60.3 50 832 16.6 45.3
200 998 113 71.2 100 986 12.3 53.8
0 521 101 0 720 14.4
10 660 92.2 21.8 5 830 8.32 13.6
0.125 25 843 86.3 38.1 10 923 5.84 22.0
50 1012 77.6 48.3 25 1083 4.75 334
100 1356 56.4 61. 50 1256 291 42.8
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Table 4 Electrochemical parameters obtained from PB measurements of Al composite and its base allay0.5 M H,SO, in absence and
presence of various concentrations of EAMT

Composite Base alloy
Temp. of Conc. of E icorr -be E Conc. of E, icorr -be IE
medium inhibitor o (WAcem’ (mVdec inhibitor o (WA cm (mvdec
(o) (ppm) m y O (opm) m y O
(SCE) (SCE)
0 -599 91.4 59 0 -605 18.05 35
50 -611 64.3 56 29.6 25 -612 13.67 30 24.3
30 100 -613 50.1 52 45.2 50 -614 11 29 39.0
200 -617 36.2 53 60.4 100 -618 8.33 28 53.8
400 -620 25.7 50 71.9 200 -624 6.78 25 62.4
0 -60¢ 14z 61 0 -61E 24.6: 39
50 -615 98.3 59 30.8 25 -618 18.43 36 25.2
35 100 -620 76.6 58 46.0 50 -620 14.75 33 40.1
200 -621 53.4 55 62.4 100 -623 10.62 31 56.9
400 -623 37.8 53 73.4 200 -627 8.96 28 63.6
0 -615 192.5 65 0 -627 34.27 48
50 -620 130 60 325 25 -629 25.46 43 25.7
40 100 -624 98.4 58 48.9 50 -630 19.65 40 42.7
200 -627 68.9 54 64.2 100 -635 13.89 39 59.5
400 -631 45.6 50 76.3 200 -636 11.27 37 67.1
0 -632 342.3 69 0 -640 61.45 50
50 -634 223.4 65 34.7 25 -644 45.35 48 26.2
45 100 -642 165.6 64 51.6 50 -647 34.86 41 43.3
200 -643 105.7 60 69.1 100 -651 23.26 35 62.1
400 -646 63.2 57 81.5 200 -653 18.34 33 70.1
0 -64¢€ 480.1 70 0 -65% 80.£ 52
50 -64¢ 305.1 62 36.4 25 -65E 58.3¢ 54 27.4
50 100 -659 213.4 60 55.5 50 -656 44.39 47 44.8
200 -662 122.5 58 74.5 100 -661 27.38 44 65.9
400 -667 76.3 56 84.1 200 -662 19.84 45 75.3

Table 5 Activation parameters of the corrosion of 861 Al-SiC composite in absence and presence offdiient concentrations of EAMT

Concentration of the medium in M

ptvation 05 M HSQy 0.25 M BSQy 0.125 M HSO,
P Inhibitor concentration (ppr Inhibitor corcentration (ppn Inhibitor concentration (ppr
0 100 200 400 0 25 50 100 200 0 10 250 5100
FakJ mo?) 68.3 59.7 509 4338 717 677 659 589 517 824 756 718 687 657
AH 65.6 571 483 412 691 651 633 563 411 794 730 692 66.1 631
( kJ mot
#
ail mot?) 233 457 615 939 1197 241 335 482 733 995 58 499 640 757 881
Table 6 Activation parameters of the corrosion of 861 Al base alloy in absence and presence of difésit concentrations of EAMT
Activation Concentration of the medium in M
arg’méters 0.5 M SOy 0.25 M HSQ, 0.125 M HSQ;
P Inhibitor concentration (ppm) Inhibitor concentoat (ppm) Inhibitor concentration (ppm)
0 50 100 200 0 10 25 50 100 0 5 10 25 50
Ea
J mo 4 59. 51.4 . . N 1. 58. 55. 78. 754 73. 70.1 5.7
k " 63 9.3 388 69.2 63 61.9 8.9 8 8.9 39 70 6
#
(AEJ mof) 60.8 56.7 488 362 666 611 593 563 531 764 728 713 675 63.1
#
ail mor?) 58.2 76,5 1355 1472 440 640 715 831 939 16.6 299 36.6 491 648
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Table 7 Inhibition efficiencies of composite and &se alloy in various concentrations of sulphuric dd at 50°C.

Composite Base alloy

Conc.of the Optimum inhibitor Inhibition Optimum inhibitor Inhibition efficiency
medium concentration efficiency concentration (IE %)
(M) (ppm) (IE %) (ppm)

Tafel EIS Tafel EIS

method method method method
0.5 400 84.1 85.2 200 75.2 77.0
0.2t 20C 82.2 83.¢ 10C 65.2 66.¢
0.125 100 71.1 71.6 50 58.4 60.1

Table 8 Thermodynamic parameters for the adsorptiorof EAMT on Al composite and base alloy in a mixtue of 0.5 M sulphuric acid at
different temperatures

Composite Base alloy
Temperature K AG s AH 46 AS s K AG s AH g6 AS s
(°C) M?  (kImol) (kI mol') (I mol*K™ M* (kJmol™)  ((kImol') (I mol*K™)
30 1295.3 -26.57 31.84 194 2155.2 -27.28 35.97 9 20
35 1351.¢ -26.77 31.8¢ 194 2298.¢ -27.4: 35.91 20¢
40 1443.0 -27.11 31.84 194 2358.5 -27.70 35.97 9 20
45 1538.5 -27.02 31.84 194 2341.9 -27.73 35.97 9 20
50 1730.1 -27.26 31.84 194 2173.9 -28.01 35.97 9 20
CONCLUSION

1. EAMT acts as a good corrosion inhibitor for 808- 15 vol. pct. Si¢, composite and its base alloy in sulphuric
acid medium.

2. Corrosion inhibition efficiency of EAMT increaseawith increasing concentration of inhibitor up ddtical
concentration.

3. EAMT behaves as cathodic type inhibitor.

4. Inhibition efficiency of EAMT on aluminum comptesis more than that of its base alloy.

5. Inhibition efficiency of EAMT on aluminum compts and its base alloy increases with increase in
concentration of sulphuric acid and with increasteimperature from 3 - 50°C.

6. Inhibitor obeys Langmuir's model of adsorptiordahe adsorption is predominantly through chenpitson.

7. The negative value @G’ obtained indicates that EAMT adsorbed spontangawsiboth the composite and
base alloy. The adsorption process is endothernticpositive value of entropy.

8. SEM and EDX images revealed protection of aflogface in sulphuric acid medium by the adsorpibBEAMT.

9. The inhibition efficiency obtained from poterdimamic polarization and electrochemical impedance
spectroscopy techniques are in good agreement.
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