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The corrosion inhibition effect of 4-amino-5-(pyridin-4-yl)-4H-1,2,4-triazol-3-thiol (APTT) was
evaluated for mild steel in 1M HCl solution using gravimetric measurement, potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS). Inhibition efficiencies obtained
ranged between 54.3 to 95.7% in the concentration range of 50 to 200 mgL-1. Double layer
capacitance, Cdl, and charge transfer resistance, Rct, values were evaluated and discussed.
Potentiodynamic polarization study clearly revealed the fact that APTT is a mixed-type inhibitor. The
values of activation energy (Ea), adsorption equilibrium constant (∆Kads), free energy of adsorption
(∆Gads), enthalpy of adsorption (∆Hads) and entropy of adsorption (∆Sads) were evaluated to corroborate
the mechanism of inhibition. Langmuir adsorption isotherm was found to confirm the adsorption
characteristics of inhibitor. Scanning electron microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDX) examinations of metal surface confirmed the existence of thin protective film of
inhibitor on metal surface.
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1. INTRODUCTION
Mild steel is extensively used in numerous industrial and engineering applications, including
construction and designs, where they are deployed in various service environments containing acids,
alkali’s and salt solutions. These service environments readily lead to inevitable corrosion of exposed
surfaces of the metal because of their aggressive nature. It is a general consensus that the best method
to protect the metal deployed in these corrosive environments is to add corrosion inhibitors [1].
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The use of organic compounds to inhibit corrosion of mild steel has assumed great significance
due to their application in preventing corrosion under various corrosive environments. A variety of
organic compounds have been reported to be effective as corrosion inhibitors [2]. Most of the effective
and efficient organic inhibitors were those compounds that had π- bonds and contained hetero-atoms
such as oxygen, nitrogen and sulphur, and phosphorus which allowed adsorption on the metal surface.
The organic inhibitors function through adsorption on the metal surface blocking the active sites by
displacing water molecules and forming a compact barrier ﬁlm to decrease the corrosion rate [3].
Due to increasing environmental awareness and adverse effect of some chemicals, research
activities in recent times are geared towards developing cheap and environmentally acceptable
corrosion inhibitors. As a potential chemotherapeutic and pharmacotherapeutic agent [4], 4-amino-5(pyridin-4-yl)-4H-1,2,4-triazol-3-thiol (APTT) was found to be a heterocyclic compound containing N,
S, and aromatic rings with several π- bonds which could possibly serve as active sites for the
adsorption process. To the best of our knowledge APTT has not been used as corrosion inhibitor.
The aim of this work is to investigate the inhibition effect of 4-amino-5-(pyridin-4-yl)-4H1,2,4-triazol-3-thiol on the corrosion of mild steel in 1M HCl solution by using gravimetric method,
electrochemical techniques and surface morphological studies.

2. EXPERIMENTAL
2.1. Chemicals
APTT was synthesized in laboratory according to the methods described elsewhere [4] and its
purity was identified by thin layer chromatography (TLC). Melting point was determined in open
capillaries and matched with literature. The molecular structure is shown in Fig. 1.

Figure 1. Molecular structure of APTT
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2.2. Materials and electrolyte
Corrosion tests were performed on mild steel coupons of following composition (wt %): C =
0.076, Mn = 0.192, P = 0.012, Si = 0.026, Cr = 0.050, Al = 0.023 and balance Fe. Mild steel coupons
used in gravimetric and electrochemical experiments were mechanically cut in to 2.5 × 2 × 0.025 and 8
× 1 × 0.025 cm dimensions, and then abraded with SiC abrasive papers of grade 600-1200
respectively, degreased with acetone and dried at ambient temperature. The test solution, 1M HCl was
prepared by dilution of analytical grade 37 % HCl with double distilled water. Stock solution of APTT
was made by dissolving 100 mg APTT in 100 ml HCl. The concentration of stock solutions was 1000
mg L-1. The concentration range of APTT employed was 50-200 mg L-1.

2.3. Electrochemical measurements
The electrochemical experiments were carried out using a conventional three-electrode cell
assembly at ambient temperature. Mild steel coupons of 1 cm2 area exposed was used as working
electrode, platinum foil of 1cm2 dimension was used as counter electrode and a saturated calomel
electrode (SCE) was used as reference electrode. All experiments were performed in the absence and
presence of different concentrations of inhibitor. All electrochemical measurements were carried out
using a Gamry Potentiostat /Galvanostat (Model G-300) connected with a personal computer with EIS
software Gamry Instruments Inc., USA. The electrochemical experiments were analyzed by
electrochemical software Echem Analyst 5.0 software package. All the experiments were measured
after immersion of mild steel for 30 min in 1M HCl in absence and presence of inhibitor. Prior to
polarization and EIS experiment the electrode was allowed to corrode freely and it open circuit
potential (OCP) was recorded as a function of time for 200 seconds. After this time a steady-state OCP
corresponding to the corrosion potential (Ecorr) of the working electrode was obtained.
Potentiodynamic current-potential curves were obtained by changing the electrode potential
automatically from -250 up to +250 mVSCE versus OCP at a scan rate of 1 mVs-1. The linear Tafel
segments of anodic and cathodic curves were extrapolated to corrosion potential to obtain corrosion
current densities (Icorr).
Impedance measurements were carried out using AC signals of amplitude 10 mV peak to peak
at the open circuit potential in the frequency range 100 kHz to 0.01 Hz. All impedance data were fitted
to appropriate circuits using the computer program Echem Analyst 5.0.

2.4. Gravimetric measurement
Gravimetric experiments were performed according to the standard methods [5]. Triplicate
experiments have been done and the corrosion rates CR (mm/y) were calculated from the following
equation [6]:

CR (mm / y ) 

87.6  w
AtD

(1)
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where w is the average weight loss (in mg) of three parallel mild steel coupons, A the total area
of one mild coupon, t is immersion time (h) and D the density of mild steel (gcm-3). With the
calculated corrosion rate, the inhibition efficiency η% was calculated as follows [6]:

% 

w0  wi
100
w0

(2)

where w0 and wi are the values of the corrosion weight losses of mild steel in absence and
presence of inhibitors, respectively.

2.5. Surface characterization
The SEM analyses of mild steel coupons (2.5 × 2 × 0.025 cm) after abrading and immersion in
1M HCl in the absence and presence of optimum concentration (200 mgL-1) of APTT was performed
on a Ziess Evo 50 XVP instrument at an accelerating voltage of 5 kV and 5 K X magnification.
Chemical composition of the corrosion products was recorded by an EDX detector.

3. RESULTS AND DISCUSSION
3.1. Electrochemical measurements

Eocp (V vs. SCE)

3.1.1. Open circuit potential (OCP) vs. time

Time (s)

Figure 2. OCP curves for mild steel in 1M HCl in absence and presence of various concentrations of
APTT at 308 K
The OCP is the potential of working electrode with respect to reference electrode without
applied potential or current. It is required to maintain the stability of OCP before running the
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polarization and EIS experiments. Fig. 2 shows the variation of OCP of working electrode with time in
uninhibited and inhibited system at 308 K. The steady-state value of OCP is more negative than the
immersion potential (Eocp at t =0) in uninhibited solution suggest the dissolution of pre-immersion air
formed oxide film on mild steel surface before the steady-state condition is achieved. This steady-state
potential, which achieved quickly (for 30 min immersion) correspond to free corrosion of bare metal
[7].
It is clear from Fig. 2 that addition of APTT to 1M HCl solution shifts the steady-state potential
to more negative values without changing the general features of E-t curves suggesting that they
catalyze the dissolution of oxide film. The shift of OCP can be explained in terms of formation of
protective inhibitor film on metal surface.

3.1.2. Potentiodynamic polarization
Polarization curves for mild steel in 1M HCl with APTT at different concentrations is shown in
Fig. 3. The anodic and cathodic current–potential curves were extrapolated up to their intersection at
the point where corrosion current density (Icorr) and corrosion potential (Ecorr) were obtained. The
electrochemical parameters Ecorr, Icorr, anodic and cathodic Tafel slopes (ba, bc) obtained from the
polarization measurements are listed in Table 1.

Table 1. Electrochemical polarization parameters for mild steel in 1M HCl solution in the absence and
presence of different concentrations of APTT
Cinh
(mg/L)

Ecorr
(mV/SCE)

Icorr
(μA/cm2)

ba
(mV/dec)

bc
(mV/dec)

η
(%)

Blank
50
100
150
200

-444
-519
-494
-517
-501

892
204
183
97
59

61.0
45.9
41.1
47.7
47.5

81.0
132.0
115.5
131.3
139.3

–
81.4
83.3
91.1
94.6

The percentage of inhibition efficiency (η %) was calculated using following equation [8] :



 %  1 


I corr(i) 
 100
I corr 

(3)

where Icorr and Icorr(i) are the uninhibited and inhibited corrosion current densities, respectively.
The parallel cathodic Tafel curves in Fig. 3 suggested that the hydrogen evolution was activationcontrolled and the reduction mechanism was not affected by the presence of the inhibitor.
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Figure 3. Potentiodynamic polarization curves for mild steel in 1M HCl in absence and presence of
various concentrations of APTT at 308 K

The values of bc changed significantly with increasing inhibitor concentrations, which indicated
the effect of the compound on the kinetics of hydrogen evolution [9]. Compared with the blank, the
anodic curves of the working electrode in the acid solution containing APTT shifted obviously to the
direction of the current reduction, which implied that the organic compounds could also suppress the
anodic reaction. Only as the change in Ecorr value was more than 85 mV, a compound could be
recognized as an anodic or a cathodic type inhibitor [10]. The largest displacement of Ecorr was about
75 mV (Table 1). Therefore, APTT might act as a mixed-type inhibitor. Corrosion is an
electrochemical phenomenon and inhibitors decrease the velocity of electrochemical electrode
reactions. A lower Icorr value for inhibitor solutions implies that the rate of electrochemical reactions
was reduced due to the formation of a barrier layer over the mild steel surface by the inhibitor
molecules [11].

3.1.2. Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy is a significant method for investigation of protective
properties of organic inhibitors on metals. The Nyquist plots obtained for mild steel in 1M HCl in the
absence and presence of various concentrations of the APTT are shown in Fig.4. These plots were
characterized by one depressed semicircular capacitive loop in the given frequency zone. The
capacitive loop is related to the charge transfer process of the metal corrosion and the double layer
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-Zim (Ω cm2)

behavior, which is connected with the adsorption process of the APTT on the metal surface which
increased with the increase of the inhibitor concentrations [12].

Zre (Ω cm2)
Figure 4. Nyquist plots for mild steel in 1M HCl in absence and presence of various concentrations of
APTT at 308 K

The radius of the capacitive loop enlarged gradually with increasing concentrations of the
inhibitor, indicating that the impedance of mild steel increases due to increasing surface coverage of
electrode surface with adsorption of inhibitor molecules, consequently leading to an increase in the
inhibition efficiency. The values of percentage inhibition efficiency (η %) were calculated from
equation [13] :





 %  1 

Rct 
 100
Rct (i ) 

(4)

where Rct (i) and Rct are the charge transfer resistance in presence and absence of APTT.
All the impedance parameters were calculated with the application of the equivalent circuit
model Fig. 5 and listed in Table 2.
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Figure 5. Equivalent circuit used to fit the EIS data

Figure 6. Simulated and experimentally generated Bode phase angle plots

Figure 7. Simulated and experimentally generated Nyquist plot
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This circuit consists of Rs (the resistance of solution between working electrode and counter
electrode) Cdl in parallel to the Rct. Simulation of Bode phase angle plots and Nyquist plot with above
model showed excellent agreement with experimental data (Fig. 6 , 7). It should be noticed that the
depression of the large semicircles which are not perfect semicircles in the complex impedance plane
of the Nyquist plots (Fig. 4).
Deviation of this kind, often referred to as frequency dispersion, was attributed to roughness
and inhomogeneity of the solid surface. Therefore, a constant phase element (CPE) instead of a
capacitive element is used in Fig. 5 to get a more accurate ﬁt of experimental data. The impedance, Z,
of CPE has the form [13]:

1
1
Z CPE     ( j )n 
 Y0 

(5)

where Y0 is the CPE constant, which is a combination of properties related to the surface and
electro active species, j2 = −1 the imaginary number, ω the angular frequency and n is a CPE exponent
which can be used as a measure of the heterogeneity or roughness of the surface. Depending on the
value of n, CPE can represent resistance (n =0, Y0 = R), capacitance (n =1, Y0 = C), inductance (n = −1,
Y0 = L) or Warburg impedance (n = 0.5, Y0 = W) [14].
The values of double layer capacitance, Cdl, for a circuit including CPE were calculated
according to following equation [14]:

Cdl  Y0 (max )n 1

(6)

Table 2. Electrochemical impedance parameters for mild steel in 1M HCl solution in the absence and
presence of different concentrations of APTT
Cinh
(mgL-1)

Rs
(Ω)

Rct
(Ω cm2)

n

Y0
Cdl
(μF/cm2) (μF/cm2)

η
(%)

Blank
50
100
150
200

0.580
0.703
0.952
0.900
0.873

12.98
52.11
59.33
119.4
296.5

0.79
0.90
0.88
0.85
0.88

250.1
89.8
52.0
64.8
43.8

76.1
79.0
89.6
95.8

109.5
53.4
34.8
24.2
22.5

Inspection of Table 2 reveals that Rct values increases prominently while Cdl reduces with the
concentration of APTT. A large charge transfer resistance is associated with a slower corroding
system. In contrast, better protection provided by an inhibitor can be associated with a decrease in
capacitance of the metal.
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α°

log |Z| (Ωcm2)

The decrease in Cdl comparing with that in blank solution (without inhibitor), which can result
from a decrease in local dielectric constant and/or an increase in the thickness of the electrical double
layer, suggests that the inhibitor molecules function by adsorption at the metal/solution interface [15].

log f (Hz)
Figure 8. Bode (log f vs. log |Z|) and phase angle (log f vs. α) plots of impendence spectra for mild
steel in 1M HCl in absence and presence of various concentrations of APTT at 308 K

However, more adsorption of inhibitor molecules on metal surface, more the thickness of
barrier layer is increased according to the expression of Helmholtz model [16]:

Cdl 

 0
d

S

(7)

where ε0 is the permittivity of free space (8.854× 10-12 Fm-1) and ε is the local dielectric
constant of medium, S is the surface area of the electrode. Equation (17) suggests that Cdl is inversely
proportional to the thickness of protective layer d.
Fig. 8 shows the Bode phase angle plots recorded for mild steel electrode immersed in 1M HCl
in the absence and presence of various concentrations of APTT at its open circuit potential. The values
of Bode impedance magnitude (S) and maximum phase angles (α°) are listed in Table 3.
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Table 3. The slopes of the Bode impedance magnitude plots at intermediate frequencies (S) and the
maximum phase angles (α) for mild steel in 1M HCl solution at different concentrations of
APTT at 308 K
Cinh
(mgL-1)
Blank
50
100
150
200

-S

-α°

0.502
0.825
0.793
0.781
0.843

40.90
70.01
67.16
69.57
75.95

In the intermediate frequency region, a linear relationship between log |Z| against log f, with
slop near -1 and the phase angle tends to become -90◦, can be observed. This response is a
characteristic of capacitive behavior. An ideal capacitive response would result in a slope of -1 and a
phase angle of -90˚; however, it is well known that an electrochemical system generally does not
behave in an ideal manner [17]. In our case, in intermediate frequencies region, a linear relationship
between log |Z| vs. log f with a slope near -0.84 and the phase angle approaching -80° has been
observed. These deviations considered to be the deviation from the ideal capacitive behavior at
intermediate frequencies. The Bode phase angle plots show single maximum (one time constant) at
intermediate frequencies, broadening of this maximum in presence of APTT account for the formation
of a protective layer on electrode surface [14].

3.2. Gravimetric measurements
3.2.1. Effect of inhibitor concentration
The values of percentage inhibition efficiency (η %) and corrosion rate (CR) obtained from
gravimetric method at different concentrations of APTT at 308 K are summarized in Table 4.

Table 4. Corrosion parameters obtained from gravimetric measurement for mild steel in1M HCl in
absence of presence of different concentrations of APTT at 308 K
Cinh
(mg/L)

CR
θ
(mm/year)

η
(%)

Blank
50
100
150
200

77.9
35.6
21.1
7.4
3.3

54.3
72.9
90.5
95.7

0.54
0.72
0.90
0.95

Int. J. Electrochem. Sci., Vol. 7, 2012

4791

It has been found that inhibition efficiency of APTT increases with increase in concentration.
The maximum inhibition efficiency was obtained at 200 mg L-1 and further increase in concentration
did not cause any appreciable change in the performance of inhibitor. The corrosion rate values
decreases and inhibition efficiency increases.

3.2.2. Investigation of temperature effect
The inﬂuence of temperature on percentage inhibition efficiency was studied by conducting
gravimetric measurements at 308-338 K containing optimum concentration of APTT. The values of
corrosion rate in the studied temperature range are listed in Table 5.

Table 5. Corrosion parameters obtained from gravimetric measurement for mild steel in 1M HCl in
presence of optimum concentration (200 mg L-1) of APTT at different temperatures
Temperature
(K)

1M HCl

APTT

CR
(mm/year)

CR
(mm/year)

θ

η
(%)

308

77.9

3.31

0.95

95.7

318

107.6

16.7

0.84

84.5

328

162.5

58.6

0.64

64.0

338

208.5

111.3

0.46

46.6

It is clear from the Table 5 that the decrease in inhibition efficiency and increase in corrosion
rate with increase in temperature may be probably due to increased rate of desorption of APTT from
the mild steel surface at higher temperature [18].
The relationship between the corrosion rate (CR) of mild steel in acidic media and temperature
(T) is often expressed by the Arrhenius equation [19]:
log(CR )  log A 

Ea
2.303RT

(8)

where Ea is the apparent activation energy, R is the molar gas constant (8. 314 J K-1 mol-1), T is
the absolute temperature and A is the frequency factor. The plot of log (CR) against 1/T for mild steel
corrosion in 1M HCl in absence and presence of APTT is presented in Fig. 9. All parameters are listed
in Table 6.
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Table 6. Activation parameters for mild steel dissolution in 1M HCl in the absence and presence of
optimum concentration of APTT
Inhibitors

Ea
(kJ mol−1)

∆H*
(kJ mol−1)

Blank
APTT

27.9
124

25.4
121

ΔS*
(J K-1
mol−1)
-147.4
155.11

2.5

log CR (mm year-1 K-1)

R2=0.994
2.0
1.5
1.0
0.5
0.0
2.95

3.00

3.05

3.10

3.15

3.20

3.25

[(1/T). 103]K-1
Figure 9. Arrhenius plot of mild steel in 1M HCl in absence and presence of optimum concentration of
APTT
The increase in activation energy after the addition of the inhibitor (124 kJ mol−1) to the
uninhibited solution (27.9 kJ mol−1) indicates that physical adsorption occurs in the initial stage. The
higher Ea value in the inhibited solution can be correlated with the increased thickness of the double
layer, which enhances the activation energy of the corrosion process [19].
Experimental corrosion rate values obtained from gravimetric measurements for mild in 1M
HCl in the absence and presence of APTT was used to further gain insight on the change of enthalpy
(ΔH*) and entropy (ΔS*) of activation for the formation of the activation complex in the transition state
using transition state equation [20]:
CR 

RT
 S
exp  a
Nh
 R


 Ha 
 exp  


 RT 

(9)
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where h is the Plank’s constant (6.626 × 10-34 Js), N is the Avogadro’s number (6.022 × 1023
mol-1), R is the universal gas constant and T is the absolute temperature. Fig. 10 shows the plot of log
CR /T versus 1/T for mild steel corrosion in 1M HCl in the absence and presence of APTT. Straight
line is obtained with slope of (ΔH*/2.303 R) and an intercept of [log (R/ Nh) + (ΔS* /2.303R)] from
which the values of ΔH* and ΔS* respectively were computed and listed also in Table 6.

log CR /T (mm year-1 K-1)

-0.3

R2=0.998
-0.6
-0.9
-1.2
-1.5
-1.8
-2.1
-2.4

2.95

3.00

3.05

3.10

3.15

3.20

3.25

[(1/T). 103]K-1
Figure 10. Transition-state plot of mild steel in 1M HCl in absence and presence of optimum
concentration of APTT

The positive sign of ΔH* suggests the endothermic nature of the mild steel dissolution process.
The value of ΔS* is higher for inhibited solution than that for the uninhibited solution. This suggested
that an increase in randomness occurred on going from reactants to the activated complex. This might
be results of the adsorption of APTT molecules from the acid solution could be regarded as quasisubstitution between the APTT in the aqueous phase and H2O molecules on electrode surface. In such
condition, the adsorption of APTT molecules was accompanied with desorption of H2O molecules
from the electrode surface. Thus increase in entropy of activation was attributed to solvent (H2O)
entropy [14].

3.2.3. Adsorption investigations
Basic information on the interaction between inhibitor and steel surface can be provided by the
adsorption isotherm.
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10 R =1.00

Cinh/θ (10-4) M

8
6
4
2
2

4

6

8

10

12

Cinh (10-4 M)
Figure 11. Langmuir’s isotherm for adsorption of APTT on mild steel surface in 1M HCl

Attempts were made to ﬁt to various isotherms including Frumkin, Langmuir, and Temkin
isotherms. By far the results are best ﬁtted by Langmuir adsorption isotherm [21]:
C





1
C
K ads

(10)

where C is the concentration of inhibitor (M), Kads the adsorptive equilibrium constant (M-1)
and θ is the surface coverage which can be calculated by the following equation [21]:



w0  wi
w0

(11)

By plotting C/θ versus C at 308 K, straight line is obtained as seen in Fig. 11. The linear
relationships (R2=1.00) suggest that the adsorption of APTT obeys the Langmuir adsorption isotherm.
On the other hand, Kads is also related to free energy of adsorption ((∆G◦ads) by the equation:

K ads 


 Gads

1
exp 

55.5
 RT 

(12)
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where R is the gas constant and T is the absolute temperature. The value of 55.5 is the
concentration of water in solution in mol L-1. The values of Kads and ΔG°ads are listed in Table 7.
Table 7. Thermodynamic parameters for the adsorption of APTT on mild steel in 1M HCl at different
temperatures
Temperature
(K)
308
318
328
338

Kads
(103 M-1)
58.8
6.49
2.12
1.04

∆G◦ads
(kJ mol-1)
-38.42
-33.84
-31.86
-30.84

The calculated values of ΔG°ads for studied inhibitors were ranging from -30 to -39 kJmol-1
which indicated that adsorption of APTT on the mild steel surface may involve physical as well as
chemical adsorption and the decrease in values of Kads with increasing temperature suggested that the
desorption process enhances with elevating temperature [22].

3.3. SEM and EDX
The surface morphology of the mild steel before immersion in 1M HCl showed a freshly
abraded steel surface (Fig. 12a), abrading scratches are clearly visible on the surface. SEM images of
mild steel surface after immersion in 1M HCl for 3 h in the absence and presence of optimum
concetration of APTT are shown in Fig. 12b and 12c, respectively. It could be observed from Fig. 12b
that the specimen surface was strongly damaged in the absence of the inhibitor. SEM image of the
mild steel surface after immersion in 1M HCl with optimum concentration of APTT is shown in Fig.
12c, it could be seen that in presence of the inhibitor, the rate of corrosion was suppressed, it revealed
that there was a good protective ﬁlm adsorbed on metal surface, which was responsible for the
inhibition of corrosion.

a

b
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c

Figure 12. SEM micrographs of mild steel surfaces (a) abraded mild steel (b) uninhibited 1M HCl (c)
APTT

a

b

c

Figure 13. EDX spectra of mild steel specimens (a) abraded mild steel (b) uninhibited 1M HCl (c)
APTT
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Fig. 13 a-c presents EDX spectra recorded for mild steel specimen as those used for SEM. For
mild steel before immersion in 1M HCl (Fig. 13a), the spectrum shows the characteristics peaks of
some of the elements constituting the mild steel sample. Fig. 13b is the EDX spectrum of uninhibited
mild steel sample, the peak of O is absent which confirm the dissolution of air formed oxide film and
free corrosion of bare metal as described in OCP measurements. The EDX spectrum of mild steel
specimen in presence of APTT (Fig. 13c) shows additional lines characteristic for the existence of N
and S (due to the N and S atoms of the APTT). These observations confirm the presence of protective
film of inhibitor on electrode surface. The percentage atomic content of mild steel samples obtained
from EDX analyses is listed in Table 8.
Table 8. Percentage atomic contents of elements obtained from EDX spectra

Polishedmild steel
Blank
APTT

Fe
70.3
63.9
65.3

C
28.0
36.1
30.7

Si
0.23
-

Mn
0.34
0.24
-

Cr
0.44
-

N
1.77

O
0.69
1.23

S
1.00

3.4. Explanation of Inhibition
The inhibition mechanism can be proposed from the adsorption of inhibitor on steel surface
(Fig. 14). Thus, in acid solution the studied inhibitor exist as protonated species. The charge on the
metal surface can be determined from the value of Ecorr− Eq=0 (zero charge potential). The Eq=0 of iron
is -530 mV vs. SCE in HCl [23]. In our investigation, the value of Ecorr obtained in 1M HCl is -444 mV
vs. SCE. So, the steel surface charges positive in HCl solution because of Ecorr− Eq=0 > 0.

Figure 14. Schematic adsorption mode of APTT molecule on mild steel surface in 1M HCl

Int. J. Electrochem. Sci., Vol. 7, 2012

4798

Since Cl- ions are already adsorbed on adsorbed on the metal surface hence they favor more
adsorption of protonated inhibitor on metal surface through electrostatic interaction (Physisorption).
The physically adsorbed protonated forms of APTT molecules in acid medium start competing with H+
ions for electrons on mild steel surface. After release of H2 gas, protonated form of inhibitors returns to
its neutral form and heteroatoms with free lone pair electrons promote chemical adsorption [24]. The
accumulation of electrons on mild steel surface render it more negative and to relieve the metal from
extra negative charge the electron from d-orbital of Fe might be transferred to vacant π* (antibonding)
orbital of inhibitor molecules (reterodonation) and hence strengthen adsorption on metal surface.

4. CONCLUSION
APTT was found to inhibit the corrosion of mild steel in 1M HCl solution and the extent of
inhibition was concentration dependent. Inhibition efficiency increases with increasing inhibitor
concentration. Polarization curves proved that APTT is a mixed-type inhibitor, which can suppress
anodic and cathodic reactions at the same time. EIS plots indicated that the inhibitor increases the
charge-transfer resistances and showed that the inhibitive performance depends on adsorption of the
molecule on the metal surface. The adsorption of APTT on mild steel surface is found to obey the
Langmuir adsorption isotherm. The SEM and EDX analysis showed that the addition of inhibitors to
the corrosive solutions results through the formation of protective film on mild steel surface.
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