ISSN 2070-2051, Protection of Metals and Physical Chemistry of Surfaces, 2021, Vol. 57, No. 1, pp. 181—189. © Pleiades Publishing, Ltd., 2021.

PHYSICOCHEMICAL PROBLEMS
OF MATERIALS PROTECTION

Corrosion Inhibition Effect of Ethyl
1-(4-chlorophenyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate
on Aluminium Alloy in Hydrochloric Acid

Raviprabha K* and Ramesh S. Bhat* *
¢ Department of Chemistry, Shri Madhwa Vadiraja Institute of Technology and Management, Bantakal, India
b Department of Chemistry, NMAM Institute of Technology, Karkala, Nitte-574110 India
*e-mail: rameshbhat@nitte.edu.in
Received July 18, 2019; revised July 29, 2019; accepted July 10, 2020

Abstract—The inhibition efficiency of Ethyl 1-(4-chlorophenyl)-5-methyl-1H-1,2,3-triazole-4-carboxylate
(ETC) on AA6061 Aluminium (Al) alloy in 0.1M HCI solution was tested through weight loss, potentiody-
namic polarisation and electrochemical impedance spectroscopy methods. The experimental results show
that the inhibition efficiency of ETC increased with an increase in inhibitors concentration and temperature.
Potentiodynamic polarisation indicated that the inhibitor is mixed type. From Langmuir isotherm, it was
hypothesized the adsorption of inhibitors on AA6061 alloy surface might occur by physical and chemical
interaction; however, the activation energy raised suggests a chemisorption process for the interaction of the
inhibitor on AA6061 alloy surface. Scanning electron microscopy was used to characterise the surface mor-
phology of the alloy in presence and in the absence of the inhibitor.
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1. INTRODUCTION

The corrosion of aluminium and its alloys has
drawn considerable attention from many scientists
because of their elevated mechanical strength, low
price, low density and excellent machinability, and
they have been commonly used in industrial applica-
tions, particularly in construction, electronics, pack-
aging, storage and transportation facilities and
machinery [1, 2]. Aluminium is mainly resistant to
corrosion owing to its thin, adherent surface oxide
film. However, aluminium and its alloy are reactive
materials and are susceptible to corrosion [3]. Upon
exposure to aqueous solution, a powerful adherent and
constant passive oxide film is created on Al. This sur-
face film dissolves when the metal is subjected to ele-
vated acid or base concentrations [4]. Hydrochloric
acid is generally used in industrial applications such as
cleaning, etching, de-scaling etc. These processes lead
to metal loss through corrosion [5]. One of the most
significant techniques is to use sulfur, oxygen or nitro-
gen containing organic compounds as corrosion
inhibitors to prevent the corrosion response and
thereby decrease the rate of corrosion. Compounds
with m-bonds also usually have excellent inhibitive
characteristics owing to an orbital interaction with the
metal surface [6]. The inhibition of such compounds is
based on its molecular adsorption capacity, which iso-

181

lates the metal from corrosion. By chemisorption,
physical adsorption or complexation, the inhibitors
are attached to metal surfaces with polar groups func-
tioning as reactive centres in the molecules [7—10].

Gabriel O. Resende, et al., [11] synthesised and
studied the anticorrosion properties of Ethyl 1-(4-
nitrophenyl)-5-methyl-1H-1,2,3-triazole-4-carboxyl-
ate on carbon steel alloy in 1 mol/L HCI solution by
electrochemical and weight loss method. They showed
that inhibition effectiveness was found to improve with
a rise in inhibitor concentration.

In the present research, the impact of Ethyl 1-(4-
chlorophenyl)-5-methyl-1H-1,2,3-triazole-4-carbox-
ylate (ETC) in 0.1M HCI solution as a corrosion
inhibitor for AA6061 Al alloy is explained. Weight loss
technique, potentiodynamic polarization and EIS
techniques were used to test alloy coupons. Taking
into account the impact of temperature as well as acti-
vation and thermodynamic parameters, the mecha-
nism of adsorption by the inhibitor was explored.

2. EXPERIMENTAL PROCEDURE
2.1. Preparation of Specimen

Corrosion studies were carried out on AA6061
alloy specimen. The composition of AA6061 Al alloy
is given in Table 1. The aluminium sample was drawn
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Table 1. Chemical Composition of AA 6061

Element Cu Mg Si Fe

Mn

Ti Cr Zn Others Al

wt% | 0.15-0.40 | 0.8—1.2 | 0.4—0.8 | 0.7 Max

0.15 Max

0.15 Max [0.04—0.35(0.25 Max| 0.15 Max | Balance

in the form of a cylindrical rod with an open surface
region of 1.31 cm?; rest was covered with Araldite
resin. Specimen was abraded with different grade
emery papers. Before the experiment, the sample was
washed with double distilled water, degreased in ace-
tone, lastly dried and used for evaluation instantly.

2.2. Preparation of Medium

The acid solution (0.IM HCIl) was prepared by
using analytical grade reagent (Merck) of 37% HCI
and double distilled water. The standardization of HCI
was done with standard NaOH solution by volumetric
method. From the standard solution, the required
concentration of HCI (0.1 M) solution was prepared as
and when required. Experiments were carried out
using calibrated thermostat at temperatures 303, 313
and 323 K under unstirred and aerated conditions.
The inhibitive effect was studied by using 20—100 ppm
of Ethyl 1-(4-chlorophenyl)-5-methyl-1H-1,2,3-tri-
azole-4-carboxylate (ETC) in HCI solutions. The
molecular structure of ETC is given in Fig. 1.

2.3. Methods

2.3.1. Weight loss method. The AA6061 alloy cou-
pons of dimensions 1.5 X 2.5 X 1 cm were used for
weight loss measurements. These specimens were pol-
ished with emery paper of different grades, washed
with distilled water and acetone then dried. The
immersion time was optimised to 6 h and was uni-
formly used for weight loss measurement at 303 K by
weighing the specimens before and after immersing in
100 mL of 0.1M HCl in 250 mL open beaker with and
without ETC. After the immersion period the speci-
mens were removed from the medium, cleaned by
wiping the coupons with tissue paper, washed with
distilled water followed by acetone, dried and then

Cl

N__cH;,

N
3 /

0
J \—CH;s

Fig. 1. Chemical structure of Ethyl 1-(4-chlorophenyl)-5-
methyl-1H-1,2,3-triazole-4-carboxylate molecule.
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weighed. The inhibition efficiency and corrosion rate
were calculated using Egs. (1) and (2).

1E (%) =%x100, (1)

0
C.R.(mm/y) = 87.6Aw/Atd. ?2)

Where Aw is weight loss, A4 is area of the specimen in
cm?, ¢ is the immersion time in hours, d is density of
Aluminium in g/cm?®; W, and W, are the weight loss
values without and with inhibitors respectively.

2.3.2. Electrochemical studies. Electrochemical
measurements of AA6061 alloy was carried out by
using Potentiostat (CH604 E-series, U.S. model with
CH-instrument beta software). Both polarization
studies and electrochemical impedance measure-
ments (EIS) are carried out using conventional three-
electrode glass cell with platinum counter electrode
and saturated calomel electrode as reference and
AA6061 alloy specimen as working electrode. The
freshly polished specimen was exposed to corrosive
medium of 0.1M HCI in the presence and absence of
ETC at different temperatures and allowed to establish
steady state open circuit potential. Potentiodynamic
polarization measurements were done by polarizing
the specimen from —250 mV cathodically to +250 mV
anodically with respect to OCP with a scan rate of
ImVs™! and the potentiodynamic current—potential
(I—E) plots were recorded. The experiments are per-
formed at different temperatures using calibrated
Thermostat. Corrosion potential (E,,,,) and corrosion
current density (i) are recorded, from which corro-
sion rate (C.R.) and percentage inhibition efficiency
(% IE) are calculated. The EIS studies were done by
impressing 10 mV of small amplitude AC signal on the
open-circuit potential with a frequency range from
10000 to 0.01 Hz. Nyquist plots were used for the anal-
ysis of impedance data to assess corrosion characteris-
tics. The charge transfer resistance (R and the dou-
ble layer capacitance (C,) were deduced from the sim-
ulation of impedance data with Randles equivalent
circuit using ZSimpWin version 3.21 software.

2.3.3. Surface morphology studies. Surface mor-
phology study of AA6061 Al alloy was carried out by
using analytical scanning electron microscope (JEOL
JSM-6380L), in the magnification of 1000X. Surface
morphology of the metal sample was obtained by
immersing the specimen in hydrochloric acid medium
for 6 h without and with the presence of 100 ppm of
the ETC in 0.1M HCL
Vol. 57
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Table 2. Results of weight loss, corrosion rate and inhibition efficiencies at different concentrations of ETC at 303 K

Concentration of ETC in ppm Weight loss, mg C.R., mm/y IE, %
Blank 15.5 38.39 -

20 3.8 9.41 75.48

40 34 8.42 78.06

60 2.8 6.93 81.93

80 2.5 6.19 83.87

100 2.4 5.94 84.51

3. RESULTS AND DISCUSSION
3.1. Weight Loss Method

Corrosion inhibition effectiveness of ETC is calcu-
lated after 6 h of immersion at 303 K by gravimetric
weight loss technique. The weight loss, corrosion rate
and inhibition efficiencies are shown in Table 2. The
inhibition effectiveness enhanced with a four-fold rise
in the inhibitor concentration from 75.48 to 84.51%.
At 100 ppm, ETC has showed the maximum inhibi-
tion efficiency of 84.51%. Figure 2 indicates variation
of inhibition efficiency and loss of weight with con-
centration. Nearly the same effectiveness was achieved
above this concentration; therefore, it is regarded to be
the optimum concentration for maximum effective-
ness of inhibition.

3.2. Potentiodynamic Polarization (PDP) Measurements

The impact of concentration of inhibitor on
AAG6061 corrosion rate has been investigated. Figure 3
represents potentialodynamic polarization plots in
0.1 M HCI solution at 323K for corrosion of AA6061
alloy in the presence of variable inhibitor levels. The
polarization experiments acquired electrochemical
parameters such as corrosion current density (icy),
corrosion potential (£,,,). The corrosion rate (C.R.)
in mm/y was obtained by using Eq. (3).
CR = M (3)
pZ

Where, 3270 is a constant that defines the unit of cor-
rosion rate, p is the density of the corroding material
(2.7 g/cm?®), M is the atomic mass of metal (27), Z is
the number of electrons transferred per metal atom
[12]. The percentage inhibition efficiency of the inhib-

itor may be calculated by using Eq. (4).
i

corr(o) — lcorr(in)

n= - x 100. “)
lcorr(a)

(0) and iz iy are the corrosion current den-

sities in the absence and in the presence of the inhibi-
tor respectively. The results of potentiodynamic polar-
ization measurement for the corrosion of AA6061 Al
alloy in 0.1M hydrochloric acid containing various
concentrations of inhibitor at different temperatures is

Where i

corr|
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shown in Table 3. It clearly shows that the corrosion
current density (i) and corrosion rate (C.R.) values
decrease in the presence of different concentrations of
inhibitor. Hence, the inhibition efficiency increases
with an increase in concentration inhibitor. Figure 4
shows the effect of concentration of ETC and tem-
perature on corrosion rate and inhibition efficiency. At
higher temperature i.e. at 323 K, highest corrosion rate
has been found in blank sample shown in Table 3, but
the inhibition efficiency was (86.36%) highest at
323K. This is mainly because of adsorption of the
inhibitor on the AA6061 alloy surface. The adsorbed
inhibitor molecule creates a protective self barrier
between the aluminium surface and the aggressive
medium [13].

It is reported in literature [ 13—15] that, if the corro-
sion potential (£,,,,) value of the inhibited solution is
less than £85 mV with respect to uninhibited solution,
the inhibitor can be considered as distinctively as
anodic and cathodic inhibitor. However, in the study
the maximum displacement was much less than
+85 mV. This suggests that ETC may act as a mixed
type inhibitor, with predominance of anodic inhibi-
tion. In Fig. 3 the shapes of polarization curves in the
absence and presence of the inhibitor are similar, this
suggested that the hydrogen evolution is activated-
controlled and it does not alter the mechanism of

86 - 4.0
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X 8oL 174
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Fig. 2 Variation of inhibition efficiency and weight loss
with concentration.
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Fig. 3. Potentiodynamic polarisation plots for AA6061 Al
alloy in 0.1M HCI with various concentrations of ETC at
323 K.

reduction reaction [2]. Slopes of anodic (B,) and
cathodic (B.) Tafel lines did not vary significantly with
increase in inhibitor concentration, which indicates
that the hydrogen evolution is activation-controlled
and the presence of inhibitor does not change the
mechanism of inhibition. The added inhibitor stops
the anodic reaction and supports for the passivation of
oxide film on the metal surface. The inhibitor impairs
anodic oxidation process and also impedes cathodic
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Fig. 4. The effect of concentration of ETC and tempera-
ture on corrosion rate and inhibition efficiency.

hydrogen liberation reaction [16]. This proves that the
organic inhibitor functions as mixed type inhibitor.

3.3. Electrochemical Impedance
Spectroscopy (ELS) Measurements

Nyquist plots for the corrosion inhibition of
AA6061 alloy in 0.1M HCl medium at various concen-
tration of ETC at 323K as shown in Fig. 5. The imped-
ance spectra are consisted of capacitive loops at higher

Table 3. Results of Tafel polarisation studies on AA6061 Al alloy in 0.1M HCI solution containing various concentrations

of inhibitor
Temp, K Concentration, ppm | —FEpm mV | B, mV | B, mV | i, mA/cm? | C.R., mm/y IE, %
303 Blank 711 139.7 127.4 4.01 4.95 —
20 710 137.9 121.1 0.91 2.542 77.31
40 678 135.3 131.4 0.82 2.055 79.55
60 653 130.0 133.4 0.74 1.791 81.55
80 658 122.9 130.6 0.69 1.604 82.79
100 643 104.5 134.7 0.65 1.277 83.79
313 Blank 704 168.8 133.8 6.56 7.612 —
20 698 166.9 131.7 1.38 3.552 78.96
40 663 174.9 127.5 1.26 2.528 80.79
60 659 168.5 121.8 1.15 2.174 82.47
80 653 154.0 129.5 1.09 1.801 83.38
100 647 138.7 116.7 0.93 1.391 85.82
323 Blank 657 376.7 115.0 8.36 8.937 —
20 650 472.6 128.1 1.52 4.417 81.81
40 653 349.6 123.5 1.41 3.166 83.13
60 631 419.7 121.3 1.34 2.735 83.97
80 618 434.5 127.0 1.19 2.196 85.76
100 610 435.4 120.8 1.14 1.684 86.36
PROTECTION OF METALS AND PHYSICAL CHEMISTRY OF SURFACES  Vol. 57 No. 1 2021
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Fig. 5. Nyquist plot for corrosion of AA6061 Al alloy in
0.1M HCI with various concentrations of ETC at 323 K.

frequency and inductive loops at lower frequency. The
presence of depressed semicircle in Nyquist plot
across the studied frequency range indicates that a
charge transfer process mainly controls the corrosion
of aluminium.

The data obtained from EIS studies gives the infor-
mation about the type of electrochemical process
occurred at electrode/electrolyte interface. Nyquist
plots were deviated semicircles due to the frequency
dispersion of interfacial impedance, attributable to the
roughness and non-homogeneity of the electrode sur-
face and to the adsorption of the inhibitor and forma-
tion of porous layers [17]. The impedance spectra
showed a semicircle which indicates that corrosion is
mainly controlled by charge transfer process [18]. The
Nyquist plot obtained for the corrosion control of
AA6061 Al alloy shows that the diameter of the capac-
itive loop increased with increase in the inhibitor con-
centration, this increase in the diameter is due to
decrease on the corrosion rate by the adsorption of the
inhibitor molecule onto the surface of the metal.

The impedance parameters are analysed by fitting
a suitable equivalent circuit to the Nyquist plots using
ZSimpWin software version 3.21. Figure 6 shows the
electrical equivalent circuit, which was used to simu-
late the impedance plot for AA6061 Al alloy. The
equivalent circuit consists of nine elements. They are
solution resistance (R;) and charge transfer resistance
(R.), inductive resistance (R;) and the inductive ele-
ment (L). The CPE (constant phase element, (Q) is
parallel to the series of capacitors C; and C, and also
parallel to the series of resistor R, R,, R, and R ;. R is
parallel to L inductor. The parallel circuit of a resistor
is attributed for oxide film due to the ionic conduction
in the oxide film and the capacitance due to its dielec-
tric properties. The double layer capacitance (Cy) and
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Fig. 6. (a) Electrical equivalent circuit used to fit imped-
ance data, (b) curves obtained from experimental data and
from circuit fitment.

polarization resistance (R,) can be calculated by using
equations

R =R +R +R, +R,, (5)

Cq =C +C,. (6)

The EIS parameters obtained are shown in Table 4.
The CPE impedance is calculated using Eq. (7) [19].

Z = A"(iw)™". (7)
Where A is proportionality constant, w is the angular
frequency, / is imaginary number and # is exponent
related to the phase shift. If the value of n = 1, the CPE
behaves like an ideal capacitor. The correlation in the

capacitance to its real value is calculated using Eq. (8)
[20].

1

MRy

Where f ... is the frequency at which the imaginary
component of impedance is maximum and R is the
charge transfer resistance. The results obtained from
EIS are listed in the Table 4. Measured Cy value
decreased with increase in concentrations of inhibitor
at all temperatures. The decrease in Cy values resulted
from the increase in electrical double layer at the metal
solution interface. Further decrease in the Cg values is
caused by the gradual replacement of water molecules
by inhibitor molecules. The polarization resistance
(Rp) values are varies inversely with corrosion current
density (i.,,). The inhibition efficiency was obtained
using Eq. (9)

(®)

Cdl

R iy — R
1E (%) = 2" »

(inh)

100 . )

R, and R, ., are the polarization resistance in the
absence and in presence of the inhibitor. Rp values
Vol. 57
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Table 4. Electrochemical impedance values of AA6061 in 0.1M HCI solution containing different concentrations of ETC

at different temperatures

Temperature, K Concentration, ppm R, Q cm? Cy, UF IE, %
303 Blank 426 30.30 -
20 1898 24.52 77.56
40 2114 21.44 79.84
60 2252 17.56 81.08
80 2397 13.78 82.23
100 2510 10.65 83.02
313 Blank 525 25.50 —
20 2396 18.61 78.08
40 2651 16.63 80.19
60 2898 15.12 81.88
80 3179 11.00 83.49
100 3542 9.46 85.18
323 Blank 634 16.70 —
20 3252.2 9.56 80.51
40 3588.2 9.39 82.33
60 3933.8 8.44 83.88
80 4268.7 5.00 85.14
100 4644.7 4.65 86.35

increased with increase in the concentration of the
inhibitor. This results in lowering the value of double
layer capacitance (Cy)), indicates that the charge trans-
fer process is mainly controlling the corrosion process.

22 - T * Blank

2.0+ Tt * 20 ppm
8 T e
E16L % < 80ppm
: 14 L > 100 ppm
12F
Qiof L TT—

0.6+ T TTee— T

04 T

0.2 —

0.00310 0.00315 0.00320 0.00325 0.00330
1/T, K

Fig. 7. Arrhenius plots for the corrosion inhibition of
AA6061 in 0.1M HCI containing different concentrations
of ETC.
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3.4. Effect of Temperature

The effect of temperature on the corrosion rate of
AAG6061Al alloy in 0.1M HCI and inhibition efficiency
of ETC is studied at different temperatures in the
range 303—323 K from which kinetic and thermody-
namic parameters for the corrosion inhibition were
calculated. The corrosion activation energy (E,) in
presence and in absence of inhibitor and dependence
of inhibitor’s adsorption on temperature can interpret
the adsorption mechanism. The energy of activation is
calculated using the Arrhenius equation (10) [21, 22].

£ 10
RT (10)
Where A is Arrhenius pre-exponential constant, R is
the universal gas constant and 7 is absolute tempera-
ture. The plot of In(C.R.) versus 1/7 gave a straight
line with slope equal to E,/R from which the activation
energy values for both corrosion and inhibition pro-
cesses were calculated. The Arrhenius plots are shown
in Fig. 7.

The enthalpy (AH) and entropy (AS) of activation
for the metal dissolution process are determined using
the transition state equation (11).

_ RT AS

In(CR)=A-

-AH
C.R. = —ex (—)ex (—) 11
Nh P R P RT (b
Vol. 57 No. 1 2021
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Where 4 is Plank’s constant and N is Avogadro’s num-
ber. A plot of In(C.R./T) versus 1/T gave a straight line
shown in Fig. 8 with slope = (AH/R) and intercept
= ln% exp (%) The calculated values of activation

parameters are given in Table 5.

Energy of activation (F,) of inhibited solution is
decreased with increase in inhibitor concentration.
This decrease in the E, value of the inhibited solution
is suggestive of chemical adsorption of inhibitor on the
surface of the metal [20, 23]. Chemisorption process
involves charge transfer from the inhibitor molecule to
the metal surface to form coordinate type of bond. The
large negative values of entropy of activation in the
absence and presence of the inhibitor implies that the
activated complex in the rate determining step is an
association rather than dissociation [24], resulting in a
decrease in the randomness on going from the reac-
tants to the activated complex [25].

3.5. Adsorption Isotherm

The degrees of surface coverage 6 obtained from
potentiodynamic polarisation were fitted to Lang-
muir, Temkin, Frumkin and Flory-Huggins iso-
therms. If the linear regression coefficient (R?) and
slopes are close to 1 then the best fitment is Langmuir
pattern. Equation (12) represents Langmuir’s adsorp-
tion isotherm for monolayer chemisorption process.

Cim _ L + Cinp-

6 K
Where K represents the equilibrium constant for
metal-inhibitor interaction, C,,, is inhibitor concen-
tration and O is surface coverage. The plot of C,,,/0
versus C,,, was a straight line with intercept 1/k shown
in Fig. 9. Further the standard free energy change

(12)

—AG,y, values for the adsorption are calculated using
Eq. (13).

K =——exp _AGu )
RT

13
55.5 ()

0.007 (-
' 0.006 |-
=
E 0.005 |
=) = Blank
— 0.004 | ® 20 ppm
< A 28ppm
S~ b4 m
» 0.003 - : Soggm
< 0.002} - e
= .

0.001 - > s

0.00310 0.003150.003200.003250.00330
/T, K

Fig. 8. Plots of In(C.R./T) vs. 1/T for the corrosion inhibi-
tion of AA6061 in 0.1M HCI containing different concen-
trations of ETC.

Where K is the equilibrium constant, R is the uni-
versal gas constant and 7 is the absolute temperature
and 55.5 is the concentration of water in solution in

mol/dm? Fig. 10 represents the plot of —~AG,,, versus
T. The standard enthalpy of adsorption (AH.,) and

standard entropy of adsorption (AS,,,) were calculated
from the slope and intercept of the straight line respec-
tively and are shown in the Table 6. The negative val-

ues of ~AG, ensured the spontaneity of adsorption
process and stability of the adsorbed layer on the alloy.

Generally —AG,,, are around —20 kJ/mol or lower,
then it is physisorption and if the values are more neg-
ative than —40 kJ/mol involve sharing of charge or
transfer of charge from the inhibitor molecule to the
metal surface to form a coordinate bond (chemisorp-

tion) [26]. In the present case, —~AG.y, values are above

—40 kJ/mol and AH,, is positive indicating that
adsorption of ETC on the AA6061 alloy surface is

attributable to chemisorption. Negative AS,,, values
indicate that the decrease in disordering takes place on
going from reactant to adsorbed species.

Table 5. Activation parameters for the corrosion of AA6061 in 0.1M HCI containing different concentrations of ETC

Inhibitor concentration, ppm E,, kJ/mol AH, kJ/mol —AS, J/mol K

Blank 24.85 63.85 197.29

20 23.05 63.79 197.30

40 17.88 49.50 197.35

60 14.44 39.99 197.39

80 12.88 35.99 197.41

100 11.29 33.00 197.43

PROTECTION OF METALS AND PHYSICAL CHEMISTRY OF SURFACES Vol.57 No.1 2021
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Fig. 9. Langmuir adsorption isotherms for the adsorption
of ETC on AA6061 Al alloy in 0.1M HCI at different tem-
peratures.

4. INHIBITION MECHANISM

According to Pilling-Bedworth rule, Aluminium
reacts with Oxygen to from aluminium oxide which
protects the metal from corrosion in neutral medium.
But when Aluminium is exposed to acidic medium the
following reactions takes place:

Anodic reaction-

Al +H,05 AIOH, 4 + H" +¢,
AIOH,,, + 5H,0 + H" = AI’" - 6H,0 + 2¢7,
A" + H,0 = [AIOH]" +H",
[AIOH]* + X" = [AIOHX]".

Cathodic reaction-
H" + ¢ — Hgg,
Hiog) + Hiay = H.

So the metal undergoes dissolution at anode and at
cathode hydrogen liberation takes place. An effective
inhibitor alters the rate of metal dissolution and
thereby controls corrosion process. In the present
study the inhibitive action of ETC can be explained on
the basis of available lone pairs of electrons on N, O
atoms and 7 electron interaction of the benzene

Table 6. Thermodynamic parameters for the adsorption of
ETC on AA6061 surface in 0.1M HCl at different temperatures

Temp, K| AG?,., kI/mol |ASGy., kJ/mol/K|AH ., kJ/mol

303 42.03
313 43.25 183.2 13.7
323 45.70
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Fig. 10. Plot of ~AG,y versus T for the adsorption of ETC
on AA6061 in 0.1IM HCI.

nucleus with unshared p electrons of aluminium
atoms. Lone pair of electrons on nitrogen and oxygen
is readily available for sharing with metal atoms to
form a native covalent bond. Hence, the adsorbed
inhibitor will cover and protect the metal surface from
the corrosion [27].

As far as the inhibition process is concerned, it is
generally assumed that adsorption of the inhibitor at
the metal/solution interface is the first step in the
action mechanism of the inhibitors in aggressive acid
media. The adsorption may be the result of one or
more of three types of interactions, namely; electro-
static attraction between charged molecules and
charged metal, coordination of the unshared pairs of
electron on the molecule to the metal atom, and
involvement of 1 electrons of the inhibitor molecule in
coordination process [22]. Chemical adsorption pro-
cess is suggested because the metal surface is protected
due to the formation of co-ordinate bond between the
metal and the inhibitor molecule. Formation of pro-
tective film on the metal surface is also confirmed by
SEM image.

5. SCANNING ELECTRON MICROSCOPY

SEM investigations were conducted to distinguish
between the surface morphology of AA6061 Al alloy
after immersion in 0.1 M HCl in the presence and lack
of an inhibitor for about 4 h. Figure 11a shows the
freshly polished alloy surface, scratches were seen pos-
sibly due to abrasion with emery sheets. Figure 11b
depicts the formation of pits and accumulation of cor-
rosion products due to acid attack. Figure 1lc con-
firms that inhibitor protects the alloy against corrosion
through the formation of protective film when kept in
100 ppm of ETC for 4 h in acidic medium.
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Fig. 11. SEM images of 6061Al (a) AA606 polished surface (b) AA6061 + 0.1M HCI (c) AA6061 + 0.05M HCl + ETC.

6. CONCLUSION

1. ETC has shown good inhibition effectiveness for
the corrosion of AA6061 alloy in 0.1M HCI and inhi-
bition efficiency increased on increasing the concen-
tration of the inhibitor and temperature.

2. EIS measurements showed increase in R, value
and decrease in double layer capacitance with increase

in inhibitor concentration, suggesting the adsorption
of ETC on the surface of AA6061 alloy.

3. Adsorption process followed Langmuir adsorp-
tion isotherm.

4. Inhibitor acted as potential compound by con-
trolling metal dissolution and hydrogen liberation,
thereby ETC emerged as mixed type of inhibitor.

5. Scanning Electron Microscopy (SEM) shows a
smoother surface for inhibited alloy due to formation
of protective film.
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