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Effect of 2-aminobenzenethiol (ABT) on copper corrosion as a corrosion inhibitor in an aerated acidic
solution of 2 M HNO3 has been investigated using gravimetric and electrochemical techniques. A
significant decrease in the corrosion rate of copper was observed in the presence of the investigated
organic compound. The potentiodynamic polarization data indicated that the inhibitor was of mixed
type. Impedance measurements showed that the charge transfer resistance increased and double layer
capacitance decreased with increase in the inhibitor’s concentration. Adsorption of ABT molecules on
copper surface was found to obey the Langmuir adsorption isotherm. Also, some thermodynamic data
for the adsorption and dissolution processes are calculated and discussed. Results obtained from
potentiodynamic polarization, impedance measurements and gravimetric method are in good
agreement.
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1. INTRODUCTION

Corrosion is one of the major problems encountered in the industrial application of materials.
Millions of dollars are spent by the oil industry, for instance, on the prevention of corrosion process in
metals. Among the procedures used to prevent corrosion, the use of inhibitors is the most common,
given that it presents some advantages of economical and environmental nature, as well as great
efficiency and high applicability. It is well known that organic molecules containing heteroatoms act
efficiently as corrosion inhibitors [1-18]. Organic compounds containing functional electronegative
groups and r electrons in triple or conjugated double bonds such as nitrogen, sulfur, and oxygen are
usually good inhibitors since these compounds are easily adsorbed on metal surfaces [19-26]. The
adsorption of these compounds are also influenced by the electronic structure of inhibiting molecules,
steric effect, aromaticity and electron density at donor site, presence of a functional group such as -
CHO, -N=N, R-OH, etc., molecular area and molecular weight of the inhibitor molecule [27-30].

In the present work, the inhibition effect of ABT on the corrosion of copper in 2 M HNO;
solution at 303-343K was studied using weight loss, potentiodynamic polarisation curves and
electrochemical impedance spectroscopy (EIS) methods. The adsorption isotherm of inhibitor on
copper surface was determined. Both standard thermodynamic parameters (standard adsorption free
energy (AG,,), standard adsorption enthalpy (AH,,.) and standard adsorption entropy (AS,,.)) and

ads ads
Kinetic parameters (apparent activation energy E, and pre-exponential factor k) are calculated and
discussed in detail. A probable inhibitive mechanism is presented from the viewpoint of adsorption.

2. EXPERIMENTAL METHODS

2.1. Materials

The investigated amine, namely 2-aminobenzenethiol (ABT) is obtained from Sigma-Aldrich
chemical co. and its chemical structure is presented in Fig. 1. The concentration range of the tested
inhibitor employed in the inhibition study was 1x 10° M to 1x10° M.

Figure 1. The molecular structure of 2-aminobenzenethiol (ABT).



Int. J. Electrochem. Sci., Vol. 8, 2013 11002

The material used in this study is a copper with a chemical composition (in wt%) of 0.01 % Ni,
0.019 % Al, 0.004 % Mn, 0.116 % Si and 99.5 % Cu Prolabo Chemicals. Prior to all measurements,
the copper samples were pre-treated by grinding with emery paper SiC (180, 600, 1200 and 2000);
rinsed with distilled water, degreased in ethanol in an ultrasonic bath immersion for 5 min, washed
again with bidistilled water and then dried at room temperature before use. The acid solutions (2 M
HNO3) were prepared by dilution of an analytical reagent grade 65% HNO3 with doubly distilled
water.

2.3. Measurements

2.3.1. Weight loss measurements

Gravimetric measurements were carried out at definite time interval of 1 h at room temperature
using an analytical balance (precision + 0.1 mg). The copper specimens used have a rectangular form
(length = 2.0 cm, width = 2.0 cm, thickness = 0.2 cm). Gravimetric experiments were carried out in a
double glass cell equipped with a thermostated cooling condenser containing 50 mL of non-de-aerated
test solution. After immersion period, the copper specimens were withdrawn, carefully rinsed with
bidistilled water, ultrasonic cleaning in acetone, dried at room temperature and then weighted.
Triplicate experiments were performed in each case and the mean value of the weight loss was
calculated.

2.3.2. Electrochemical measurements

Electrochemical experiments were conducted using impedance equipment (Tacussel-
Radiometer PGZ 100) and controlled with Tacussel corrosion analysis software model Voltamaster 4.
A conventional three-electrode cylindrical Pyrex glass cell was used. The temperature was
thermostatically controlled. The working electrode was copper with the surface area of 0.28 cm?. A
saturated calomel electrode (SCE) was used as a reference. All potentials were given with reference to
this electrode. The counter electrode was a platinum plate of surface area of 1 cm?. A saturated calomel
electrode (SCE) was used as the reference; a platinum electrode was used as the counter-electrode. All
potentials are reported vs. SCE. All electrochemical tests have been performed in aerated solutions at
303 K.

For polarization curves, the working electrode was immersed in a test solution during 30 min
until a steady state open circuit potential (Eop) Was obtained. The polarization curve was recorded
from -150 to +150 mV/SCE with a scan rate of 1 mV s *. AC impedance measurements were carried-
out in the frequency range of 100 kHz to 10 mHz, with 10 points per decade, at the rest potential, after
30 min of acid immersion, by applying 10 mV ac voltage peak-to-peak. Nyquist plots were made from
these experiments. The best semicircle was fit through the data points in the Nyquist plot using a non-
linear least square fit so as to give the intersections with the x-axis.
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3. RESULTS AND DISCUSSION
3.1. Effect of concentration inhibitor

3.1.1. Polarization curves

Fig. 2 represents the potentiodynamic polarization curves of copper in 2 M HNOs in the
absence and presence of various concentrations of the compounds. Table 1 gives the electrochemical
parameters, i.e. corrosion potential (Ecor), cathodic Tafel slopes (bc), corrosion current density (lcor),
percentage inhibition efficiency (#,) and corrosion rate. The inhibition efficiency, 7, was calculated
from polarization measurements according to following equation:

leorr = eorri
o () = T M

I corr

where lcorr and leory are the corrosion current densities for copper electrode in the uninhibited
and inhibited solutions, respectively.
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Figure 2. Potentiodynamic polarization curves of copper in 2 M HNOs in the presence of different
concentrations of ABT at 303 K.

It can be seen from the result that this inhibitor decrease I values in the concentration range
of 10°-10° M concentrations this leads to the increase in the inhibition efficiency by increase in the
inhibitor concentration. Maximum reduction of I for this inhibitor is obtained at 10° M. The
cathodic Tafel slope (b¢) values show slight changes with the addition of ABT, which suggests that the
inhibiting action occurred by simple blocking of the available cathodic sites on the metal surface,
which lead to a decrease in the exposed area necessary for oxygen reduction and lowered the
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dissolution rate with increasing ABT concentration. It is also observed that E, values did not change
significantly in presence of inhibitor suggesting that the ABT inhibitor is mixed type inhibitor [31].
Based on these results, the action of this compound may be related to adsorption and formation
of a barrier film on the copper surface, impeding both cathodic and anodic sites. It is well known that
the corrosion of copper in nitric acid involves reduction of the nitrate ion following Egs. (2) and (3):

NO; +3H" +2e~ — HNO, + H,0 @)
NO; +4H" +3e” — NO+2H,0 3)

However, in aerated nitric acid solutions, dissolved oxygen may also be reduced on copper
surface and this will enable some corrosion to take place [32-34]. It is a good approximation to ignore
the hydrogen evolution reaction and only consider oxygen reduction in the aerated nitric acid solutions
at potentials near the corrosion potential [35]. Cathodic reduction of oxygen can be expressed either by
a direct 4e” transfer, EqQ. (4):

O,+4H" +4e" —2H,0 (4)

or by two consecutive 2e” steps involving a reduction to hydrogen peroxide first, Eq. (4),
followed by a further reduction, according to Eq. (5) [36]:

O,+2H"+2e” —»2H,0, (5)
H,O0,+2H"+2e” —»2H,0 (6)

Table 1. Polarization parameters and the corresponding inhibition efficiency of copper corrosion in
2 M HNOj containing different concentrations of ABT at 303 K.

Conc Ecorr -b Icorr Mp

(M) (mV/SCE) (n:V/dec) (nA/cm?) (%)
0 34.0 304.7 365.1 —_—
10° 24.1 218.2 03.5 99.0
10 26.0 240.4 13.5 96.3
10” 27.0 176.3 89.8 75.4
10° 36.4 181.5 190.3 47.9

The transfer of oxygen from the bulk solution to the copper/solution interface will strongly
affect rate of oxygen reduction reaction, despite how oxygen reduction takes place, either in 4e
transfer or two consecutive 2e" transfer steps. Dissolution of copper in nitric acid is described by the
following two continuous steps:

Cu— ¢ <> Cu(l)ags (fast step) @)
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Cu(l)ags — € <> Cu(ll) (slow step) (8)

where Cu(l),gs is an adsorbed species at the copper surface and does not diffuse into the bulk
solution [37-41]. The dissolution of copper is controlled by the diffusion of soluble Cu(Il) species from
the outer Helmholtz plane to the bulk solution.

3.1.2. Electrochemical impedance spectroscopy measurements

The corrosion behavior of copper in the acidic solution in the absence and presence of inhibitor
was also investigated by the EIS method at 303 K. The R values were calculated from the difference
in impedance at lower and higher frequencies from Nyquist plot (Fig. 3). Using R values, the double
layer capacitance, Cg, values by using Eq. (9):

f(~Zimax) = ﬁ )

where frax is the frequency at which the imaginary component of the impedance (-Zmax) is
maximal.
Inhibition efficiency (7,) can be calculated from Nyquist plot as follows [42];

x 100 (10)

0
(%) = YR Olcht

ct

where Rgt and Ry are the charge-transfer resistance values without and with inhibitor,

respectively. The impedance parameters derived from this investigation are given in Table 2. It is
worth noting that the presence of inhibitor does not alter the profile of impedance diagrams which are
almost semi-circular (Fig. 3), indicating that a charge transfer process mainly controls the corrosion of
steel. Deviations of perfect circular shape are often referred to the frequency dispersion of interfacial
impedance. This anomalous phenomenon is interpreted by the in homogeneity of the electrode surface
arising from surface roughness or interfacial phenomena [43]. In fact, the presence of inhibitor
enhances the values of R in the acidic solution. On the other hand, the values of Cy decreased with an
increase in the inhibitor concentration. This was due to an increase in the surface coverage by this
inhibitor, resulting into an increase in the inhibition efficiency. The thickness of the protective layer,
dorg, was related to Cq by the following equation [44]:

5, =2k (11)

where, ¢, is the dielectric constant and ¢, is the relative dielectric constant. This decrease in

the Cq;, which can result from a decrease in local dielectric constant and/or an increase in the thickness
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of the electrical double layer, suggested that ABT molecules function by adsorption at the
metal/solution interface. Thus, the change in Cgy values was caused by to the gradual replacement of
water molecules by the adsorption of the organic molecules on the metal surface, decreasing the extent

of metal dissolution [45].

4500

3000 ~

S

o

e

=

o

S~ .

= 1500 - )
N .
0 ‘g T T = T T T T T T
0 1500 3000 4500 6000 7500

Z_(Ohm cm?)

Figure 3. Nyquist diagrams for copper in 2 M HNO; containing different concentrations of ABT at
303 K.

Table 2. Impedance parameters and inhibition efficiency values for copper in 2 M HNOj3 containing
different concentrations of ABT at 303 K

0 091.4 15.82 110.1 —
107 5630.3 1.25 22.6 98.4
10 1877.1 1.58 53.7 95.1
107 372.0 7.14 59.9 75.4
107 174.7 14.04 64.9 47.7

3.1.3. Weight loss

The inhibition effect of ABT at different concentrations on the corrosion of copper in 2 M
HNO; solution was studied by weight loss measurements at 303 K after 1 h of immersion period. The
corrosion rate (Cgr) and inhibition efficiency, mw. (%), were calculated according to the Egs. 12 and 13

respectively [46]:
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LW, -W,
A

T (%) = (1— ﬂi} <100 (13)

(12)

R

Wo

where W, and W, are the specimen weight before and after immersion in the tested solution, wg
and w; are the values of corrosion weight losses of copper in uninhibited and inhibited solutions,
respectively, A the area of the copper specimen (cm?) and t is the exposure time (h).

Table 3. Corrosion parameters obtained from weight loss measurements for copper in 2 M HNO;
containing various concentrations of ABT at 303 K.

Conc. Cr i
(M) (mgcm*h) (%)
Blank 1.78 —
1x107 0.027 98.5
5x10™ 0.073 95.9
1x10™ 0.120 93.2
5%x107 0.263 85.2
1x107 0.460 74.2
1x10° 0.927 47.9
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Figure 4. Variation of inhibition efficiency (7w %) and corrosion rate (Cgr) in 2 M HNO3 on copper
surface without and with different concentrations of ABT at 303 K.
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The values of percentage inhibition efficiency (mw. %) and corrosion rate (Cgr) obtained from
weight loss method are given in Table 3 and Fig 4. It can be seen that ABT efficiently inhibits the
corrosion of copper in 2 M HNOj; solutions. Data in Table 3 reveal that the inhibition efficiency
increases with increasing concentration of ABT. The corrosion inhibition can be attributed to the
adsorption of ABT molecules at copper/HNO3 solution interface [47]. This is due to the presence of
hetero atoms like nitrogen and sulphur, and aromatic rings. The extent of inhibition depends upon the
nature and mode of adsorption of ABT on the metal surface. The adsorption is assumed to be a
quasisubstitution process between the water molecules on the surface and the organic molecules. The
interaction of ABT with the metal surface may occur through both the -NH, and -SH groups. It is well
a known fact that the lone pair of electrons of sulphur and nitrogen is responsible for much
predominant adsorption onto the copper surface.

3.2. Effect of temperature

The effect of temperature on the corrosion parameters of copper in free and inhibited solutions
of 2 M HNO; was studied at a temperature range of 303-343 K. The fractional surface coverage & can
be easily determined from weight loss measurements by the ratio 7w (%) / 100, if one assumes that the
values of 7w (%) do no differ substantially from 6. The obtained corrosion parameters are given in
Table 4 and show that when temperature increases, the corrosion rate increases in the absence and
presence of inhibitor. Data in Table 4 revealed that the investigated of ABT exhibited inhibition
properties at all the studied temperatures and the values of inhibition efficiency, nw. (%), decreased
with increasing temperature. This can be explained by the decrease of the strength of the adsorption
process at elevated temperature and would suggest a physical adsorption mode. The inhibition
properties of ABT can also be explained by kinetic model.

The dependence of corrosion rate on the temperature can be regarded as an Arrhenius-type
process, the rate of which is given by:

Ci =k exp(— Fffl‘_j (14)

where E, is the apparent activation corrosion energy, R is the universal gas constant and Kk is the
Arrhenius pre-exponential constant. The apparent activation energy values (E,) at different
concentrations of inhibitor were calculated by using the linear regression between Ln(Cg) and 1/T
(Fig. 5), and the results are also listed in Table 5. All the linear regression coefficients are close to one,
indicating that the copper corrosion in 2 M HNOj3 can be elucidated using the kinetic model. Results in
Table 5 show that E, increases in presence of the inhibitor. The higher values of E, were obtained in
the presence of ABT when compared with those obtained in absence. This could be attributed to their
physisorptions on the copper surface [48-50].



Int. J. Electrochem. Sci., Vol. 8, 2013 11009

Table 4. Corrosion parameters obtained from weight loss for copper in 2 M HNO3 containing various
concentrations of ABT at different temperatures

Temperature Conc. Cr i %

(K) (M) (mg cm?h™) (%)

303 Blank 1.78 — —
1x10° 0.027 98.5 0.985
5x10™ 0.073 95.9 0.959
1x10™ 0.120 93.2 0.932
5%10™ 0.263 85.2 0.852

313 Blank 7.33 — —
1x10° 0.330 95.5 0.955
5x10™ 0.616 91.6 0.916
1x10™ 0.837 88.6 0.886
5x10™ 1.754 76.1 0.761

323 Blank 24.97 _ _
1x10° 2.257 91.0 0.910
5%10™ 3.847 84.6 0.846
1x10™ 5.793 76.8 0.768
5107 8.340 66.6 0.666

333 Blank 70.82 _ _
1x10° 12.71 82.0 0.820
5x10™ 19.14 73.0 0.730
1x10™ 27.08 61.8 0.618
5107 34.35 51.5 0.515

343 Blank 186.61 — _
1x10° 54.86 70.6 0.706
5x10™ 77.57 58.4 0.584
1x10™ 100.15 46.3 0.463
5x10™ 126.34 32.3 0.323

Kinetic parameters such as enthalpy and entropy of corrosion process may be evaluated from
the temperature effect using the transition state theory [51]:

RT AS AH
C,=—=e 2 lexp| — a 15
R Nth(RJXp( RTJ (15)

where h is Plank’s constant, N is Avogrado’s number, AS, is the entropy of activation and AH,
is the enthalpy of activation.

Fig. 6 shows a plot of Ln (Cg/T) against 1/T. A straight lines are obtained with a slope of
(~AH4/R) and an intercept of (In R/Nh + AS,/R) from which the values of AH, and AS, are calculated,
are listed in Table 5. Inspection of these data reveals that the activation parameters (AH, and AS,) of
the dissolution reaction of copper in 2 M HNOj; in the presence of ABT were higher than those in the
absence of inhibitor (blank). The positive signs of the enthalpy (AH,) reflected the endothermic nature
of the copper dissolution process and indicated that the dissolution of copper was difficult [52]. The
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entropy of activation AS, in the absence of inhibitor is positive and this value increases positively with
the ABT concentration.

= 2MHNO,

e 1x10°M
24 | A 5x10°M
1x10*M
5x10°M

Ln (C,) (Mg cm”h™?)

. , . .
2.9 3.0 3.1 3.2 3.3 3.4

1000/T (K™
Figure 5. Arrhenius plots for copper corrosion rates (Cgr) in 2 M HNOg in absence and in presence of
different concentrations of ABT.

The increase of AS, implies that an increase in disordering takes place on going from reactants
to the activated complex [53].

Ln (C/T) (mg/em*h™"K™)

-10 4

2.9 3.0 I 3!1 I 3.2 3.3 I 34
1000/T (K™

Figure 6. Transition-state plots for copper corrosion rates (Cg) in 2 M HNOj in absence and in
presence of different concentrations of ABT.
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Table 5. Corrosion kinetic parameters for copper in 2 M HNOjs at different concentrations of ABT.

Conc. E. AH, AS,

(M) (kJ/mol) (kJ/mol) (3/mol K)
Blank 3.6627x10" 0.9991 100.21 097.53 082.36
1x107 1.9473x10% 0.9986 160.74 158.06 249.40
5x10™ 1.0459x10% 0.9943 151.44 147.75 221.99
1x10™ 2.8971x10% 0.9928 146.83 143.90 213.06
5x107 2.1830x10% 0.9974 132.60 129.97 173.75

3.3. Adsorption and thermodynamic considerations

It is a widely held view by many authors that the adsorption of organic inhibitor molecules is
often a displacement reaction involving the removal of adsorbed water molecules from the metal
surface
[54-56]:

Orgey + XHyOupyy =——= Orgyy *+ XH,O4 (16)

In general, the proceeding of physical adsorption requires the presence of both electrically
charged surface of the metal and charged species in the bulk of the solution. Chemisorption process
involves charge sharing or charge transfer from the inhibitor molecules to the metal surface to form a
coordinate type of a bond. This is possible in case of a positive as well as a negative charge of the
metal surface [57].

Perusals of literatures show that organic compounds act as an inhibitor by adsorption on the
metal surface. Inhibitor molecules may adsorb on the copper surface in the form of: (i) Neutral
molecule via chemisorption mechanism involving the sharing of electrons between the heteroatom and
copper. (ii) Adsorption of inhibitor can occur through n-electron interactions between the aromatic ring
of the molecule and the metal surface. (iii) Cationic form with positively charged part of the molecule
is oriented towards negatively charged copper surface. Adsorption can also occur via electrostatic
interaction between a negatively charged surface, which is provided with a specifically adsorbed anion
on copper and positive charge of the inhibitor.

The adsorption isotherm experiments were performed to have more insights into the
mechanism of corrosion inhibition, since it describes the molecular interaction of the inhibitor
molecule with the active sites on the aluminium surface [58]. It is necessary to determine empirically
which adsorption isotherm fits best to the surface coverage data in order to use the corrosion rate
measurements to calculate the thermodynamic parameters pertaining to inhibitor adsorption. Attempts
were made to fit surface coverage values into different adsorption isotherm models. The models
considered were [59]:
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Temkin isotherm

exp(f.0)=K,C 17
Langmuir isotherm

g/ (1— 9) =K_C (18)
Frumkin isotherm

o/ (1—49).exp(—2 f .0) =K_C (29)
and Freundlich isotherm

0=K,C (20)

where Kqgs IS the equilibrium constant of the adsorption process, Ciqn, the inhibitor concentration
and f the factor of energetic inhomogeneity. By far best results were obtained for Langmuir adsorption
isotherm. The correlation coefficient (R?) was used to choose the isotherm that best fit experimental
data (Table 6). The linear relationships of Ci.n/6 versus Cin, depicted in Fig. 7, suggest that the
adsorption of ABT on the copper surface obeyed the Langmuir adsorption isotherm. This isotherm can

be represented as:

Cm_ 1 ¢, (21)
0 Kads

The strong correlation (R* > 0.99) of the Langmuir adsorption for ABT was observed. This
isotherm postulates that there is no interaction between the adsorbed molecules and the energy of
adsorption is independent on the surface coverage (6).

0.00164 | = 303K
e 313K
A 323K
333K
0.0012 4 343K
2
Sc 0.0008 -
S5
0.0004
0.0000 -£ : . : . -
0.0000 0.0004 0.0008 0.0012

Cinh (M)

Figure 7. Langmuir’s isotherm adsorption model of ABT on the copper surface in 2 M HNO; at
different temperatures.
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Langmuir’s isotherm assumes that the solid surface contains a fixed number of adsorption sites
and each holds one adsorbed species [59]. The slopes of the straight lines obtained from the plots of
Langmuir isotherm for ABT are very close to unity, which suggests that the experimental data are well
described by Langmuir isotherm and exhibit single-layer adsorption characteristic. The values of
equilibrium constant of adsorption K,gs obtained from the Langmuir adsorption isotherm are listed in
Table 4, together with the values of the Gibbs free energy of adsorption (AG.,.) calculated from the

ads

equation:

N S (<A
“ = 5555 P\ RT (22)

where R is gas constant and T is absolute temperature of experiment and the constant value of
55.55 is the concentration of water in solution in mol L™,

Table 6. Thermodynamic parameters for the adsorption of ABT on the copper in 2 M HNO; at
different temperatures.

Temperature R Kad_sl AG, AH S, AS,,
(K) (M%) (ki/mol) (kI/mol) (3/mol K)
303 0.9999 10738497 | -39.30 53.98 _48.45
313 0.9998 67407.25 ~39.85 4514
323 0.9995 36320.05 38.98 _46.44
333 0.9986 19427.96 ~38.46 —46.61
343 0.9961 9498.84 3757 4784

The high values of Ky for studied ABT indicate stronger adsorption on the copper surface in
2 M HNOg; solution. This can be explained by the presence of sulphur, nitrogen heteroatoms and
-electrons in the inhibitor molecule. It has been reported that the higher the K, value (>100 M™), the
stronger and more stable the adsorbed layer of the inhibitor on metal surface and consequently, the
higher the inhibition efficiency [60]. These data support the good performance of ABT as corrosion
inhibitor for copper in 2 M HNOj solution. The negative values of AG., , calculated from Eq. (22), are

ads?
consistent with the spontaneity of the adsorption process and the stability of the adsorbed layer on the
copper surface. Generally, values of AG?,. up to —20 kJ mol™ are consistent with physisorption, while

ads
those around —40 kJ mol™ or higher are associated with chemisorption as a result of the sharing or

transfer of electrons from organic molecules to the metal surface to form a coordinate bond [61]. In the
present study, the calculated values of AG_, obtained for ABT ranges between —39.30 and —37.57 kJ

ads
mol™ (Table 6), indicating that the adsorption of mechanism of ABT on copper in 2 M HNO; solution
at the studied temperatures may be a combination of both physisorption and chemisorption
(comprehensive adsorption) [62].

Thermodynamically, AG,,, is related to the standard enthalpy of the adsorption process

(AH.,.), via the Gibbs-Helmholtz equation:

ads
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{ame;s /T)} __AH,, 23)

oT T?

Eqg. (23) can be arranged to give the following equation:

ads — ads +A (24)

The variation of AG?

ads

/T with 1/T gives a straight line with a slope which is equal to AH_

ads

(Fig. 8). It can be seen from this figure that AG., /T decreases with 1/T in a linear fashion. The

ads

obtained value of AHZ,, was —53.98 kJ mol™. In this case, the standard adsorption entropy (ASZ,.)

values, given in Table 6, can be calculated for all studied systems by applying the following equation:

-T AS,

AG;ds: AH . ads (25)

ads

It has been reported that an endothermic adsorption process (AH .

ads

> 0) is due to chemisorption

while an exothermic adsorption process (AH .. < 0) may be attributed to physisorption, chemisorptions

ads

or a mixture of both [63]. When the process of adsorption is exothermic, physisorption can be
distinguished from chemisorption according to the absolute value of AH__ . For physisorption

ads -
processes, this magnitude is usually lower than 40 kJ mol™ while that for chemisorption approaches
100 kJ mol™ [64]. In this work, the negative sign of AH?, is an indication that the adsorption of ABT

ads

on copper surface is exothermic while its absolute value suggests physisorption.
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-0.130 =
T T T T T T T T T
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Figure 8. Relationship between AG,,./T and the reverse of absolute temperature.

ads
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However, the calculated values of AG:. show that the adsorption of ABT is not merely

ads
physical or chemical but a combination of physisorption and chemisorption exists between the
inhibitor and the metal surface (comprehensive adsorption) [65]. The negative values of AS; is

generally explained an ordered of adsorbed molecules of inhibitor with the progress in the adsorption

onto the copper surface [66].
AH?. and AS_  for the adsorption of ABT on copper surface can be also deduced from the

ads ads

Van’t Hoff equation:
LnK,, =— APy, | constant (26)
RT

Indeed, a plot of Ln Ky versus 1/T gives a straight line, as shown in Fig. 9. The slope of the
straight line is —AH,, /R and the intercept is (AS,, /R + In1/55.55). The obtained value of AH_, is

ads ads

—52.48 kJ mol™, confirming the exothermic behaviour of the ABT adsorption on the copper surface.
Values of AH, obtained by the both methods are in good agreement. Moreover, the deduced AS,,.

value of —42.54 J mol™ K™ is very close to those obtained using the Eq. (25) (Table 6).

29 | 3.0 | 3.Il | 3.2 3.3
1000/T (K™
Figure 9. Vant’t Hoff plot for the Copper/ABT/2M HNOj3 system.

4. CONCLUSION

From the overall experimental results and discussion, the following conclusions can be
deduced:
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> It was found that the 2-aminobenzenethiol (ABT) is effective inhibitor. The inhibitor
efficiencies determined by weight loss, ac impedance and dc polarization methods are in reasonable
agreement.

> Results showed that the inhibition efficiency was increased with increasing of
concentration but decreases with rise temperature of ABT.

> Polarization curves revealed that the used inhibitor is mixed-type inhibitor.

> The surface adsorption of the used inhibitor led to a reduction in the double layer
capacitance as well as an increase in the charge transfer resistance.

> The adsorption of ABT on the copper surface obeyed to Langmuir isotherm and it

represented a mixture physical and chemical adsorption. The adsorption process is a spontaneous and
exothermic process.
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