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e eﬀect of temperature on the corrosion behaviour of a synthesized iron-based alloy in 1 N sulphuric acid solution has been
examined by means of three electrochemical techniques. ereaer, we studied the in�uence of an anionic surfactant (sodium
dodecyl benzene sulfonate) at various concentrations on the electrochemical behaviour of the ferrous alloy. e obtained results
show that the temperature increase reduced the performance of the used alloy, in the acidic environment. Otherwise, the surfactant
inhibits the alloy dissolution in the sulphuric acid, through its adsorption on the metal surface without modifying the mechanism
of corrosion process. We also noticed that the highest inhibition eﬀect is obtained at a concentration above its critical micelle
concentration (CMC). Langmuir adsorption isotherm �ts well with the experimental data.

1. Introduction
e researches undertaken to clarify the mechanisms of the
iron and the ferrous materials corrosion, in sulphuric acid
environment, are uncountable because of the importance
which takes on this phenomenon in particular for the
industry [1–4].
Hydrochloric and sulphuric acids are regular aggressive
solutions for acid pickling, acid cleaning, and acid descaling.
To remove unwanted scale such as rust or mill scale formed
during manufacture, ferrous materials are immersed in acidic
solutions. Due to the aggressiveness of acids, inhibitors are
oen used to reduce the dissolution rate of metallic materials.
A vast category of organic corrosion inhibitors is used for iron
and ferrous alloys in sulphuric acid solutions [5–14].
Surfactants are used in several industrial processes
such as �otation, emulsi�cation, cosmetics, and corrosion
inhibitors [15]. e application of surfactants as corrosion
inhibitors has been widely studied, and adsorption of these
molecules on the metal surface was found to be responsible
for the corrosion inhibition of the metal [15–20].
e inhibitors can drastically change the interfacial properties, and their adsorption is in�uenced by surface charge of

the metal, the type of corrosive solution, and the chemical
structure of inhibitors. e principal types of interaction
between an organic inhibitor and a metal surface are physical
adsorption and chemical adsorption [21–23]. Electrostatic
attraction between the charged hydrophilic groups and the
charge active centres on the metal leads to physisorption.
e goal of this work is to study the sodium dodecyl
benzene sulfonate (SDBS) eﬀect as a corrosion inhibitor for
an elaborated annealed alloy Fe-3Ti-2C in 1 N sulphuric acid
solution containing dissolved dioxygen. e alloy surface
presents ferritic matrix and titanium carbides. ree usual
electrochemical techniques were recorded to examine the
inhibition eﬃciency of SDBS. Besides, we also considered the
in�uence of temperature on the SDBS inhibition eﬀect.

2. Experimental Process
e elaboration protocol and the surface analysis of the alloy
Fe-3Ti-2C are described in a previous paper [24].
For the electrochemical study, a cylindrical specimen was
cut from the annealed ingot and embedded in resin dental.
e cross-section of the working electrode (0.652 cm2 area)
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3. Results and Discussion
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In our previous study [24] we have showed that the
microstructure of the considered alloy (Fe-3Ti-2C) is constituted by ferrite matrix and titanium carbides.
3.1. Temperature Eﬀect on the Corrosion Behaviour of Fe3Ti-2C. We consider, at �rst, the temperature eﬀect on the
corrosion behaviour of the ternary alloy immersed in normal
sulphuric acid solution; we will examine then its protection
in the presence of the sodium dodecyl benzene sulphonate
(SDBS).
3.1.1. Potentiodynamic Polarization Curves. According to
Figure 1, the shape of the cathodic polarization curves related
to the studied system is not aﬀected by temperature increase;
however they are shied to the high current densities values.
We can deduce that the proton discharge mechanism (the
hydrogen evolution reaction (HER) is an activation controlled since the cathodic portions rise to the Tafel lines)
is not modi�ed by the temperature rise; nevertheless it is
accelerated.

0.5
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was mechanically ground with emery paper up to 1200 grit,
degreased in acetone, rinsed with bidistilled water, dried and
transferred quickly in a Tacussel glass cell �lled with 100 mL
of 1 N sulphuric acid solution. A saturated sulphate electrode
(SSE) and platinum electrode were used as reference and
auxiliary electrodes, respectively. All measured potentials
are reported to this reference electrode. e experiments
were carried out in a naturally aerated and continuously
stirred 1 N sulphuric acid solution in the absence and
presence of diﬀerent concentrations of sodium dodecyl
benzene sulphonate (SDBS). Measurements were performed
using a potentiostat/galvanostat PGZ 301 and controlled
with Tacussel corrosion analysis soware (Voltamaster 4).
Potentiodynamic polarization curves were recorded at a scan
rate of 60 mV/min. Prior to electrochemical measurements,
the working electrode was maintained at open circuit potential during 30 min. Linear polarization (𝑅𝑅𝑝𝑝 ) measurements
were carried out at 0.1 mV/s. Polarization resistance 𝑅𝑅𝑝𝑝 was
de�ned as the slope of polarization curve at the overpotential
of ±20 mV/𝐸𝐸corr . e EIS measurements were carried out at
the corrosion potential (𝐸𝐸corr ) aer 30 min of immersion in
the studied solutions. Impedance spectra were obtained in the
descending frequency range from 10 KHz to 40 MHz, with
ten points per decade. A sine wave with 10 mV amplitude
was used to perturb the system. e charge transfer resistance
values (𝑅𝑅𝑡𝑡 ) were calculated from the diﬀerence in impedance
at the lower and higher frequencies, as suggested by Tsuru
et al. [25]. To obtain the double layer capacitance (𝐶𝐶dl ),
the frequency (𝑓𝑓) at which the imaginary component of
the impedance is maximum (𝑍𝑍im max ) was found, and (𝐶𝐶dl )
values were obtained from the following equation:

−1
−1.5
−2
−2.5
−3
−3.5
−4
−1.2

−0.8

−0.4

0

0.4

0.8

1.2

E (V)
25◦ C
35◦ C

45◦ C
55◦ C

F 1: Potentiodynamic polarization curves at diﬀerent temperatures.

e main observations which stand out from the anodic
domain are the following ones: (i) the rise of temperature
leads in a general way to the translation of the anodic curves
towards more important values of current densities; (ii) in
the neighbourhood of the corrosion potential, the anodic
curves are very close; the eﬀect of temperature is not that very
remarkable (the anodic dissolution of the alloy is only weakly
aﬀected by the increase of temperature); (iii) otherwise, the
formation of the anodic peak becomes less and less easy
with the temperature rise, indicating the diﬃculty that the
ferrous salt has to its formation; (iv) the potential range
corresponding to the �rst zone of current oscillations (cycle
of instability formation dissolution of the �lm) extends when
the temperature increases from 25 to 55○ C; (v) the domain
of the second (aperiodic) oscillations widens until joins the
�rst package of oscillations at 45 and 55○ C; besides their
amplitude rises with the increase of the temperature; (vi)
this phenomenon leads to the decrease of the extent of the
passivation plateau, because the rise of temperature delays
the formation of the passive �lm; (vii) on the other hand, the
value of the limit current density did not record an important
variation according to the temperature; this con�rms the
stability of the formed �lm on the Fe-3Ti-2C surface; (viii) the
transpassivation takes place in the same potential, whatever
the temperature is.
e electrochemical parameters obtained from the polarization curves plots for Fe-3Ti-2C alloy in 1 N sulphuric acid
are given in Table 1. is includes the corrosion potential
(𝐸𝐸corr ), anodic and cathodic Tafel slopes (𝑏𝑏𝑎𝑎 and 𝑏𝑏𝑐𝑐 ), and
corrosion current density (𝐼𝐼corr ).
As expected, the corrosion current density of the ternary
alloy is temperature dependent; indeed it is shied to high
values when temperature increases. However, the 𝐸𝐸corr values
are nearly constant with temperature variation.
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T 1: Electrochemical parameters deduced from the Tafel
method at diﬀerent temperatures.
𝑇𝑇
(○ C)
25
35
45
55

𝐸𝐸corr
(mV)
−923
−924
−932
−923

𝑖𝑖corr
(mA⋅cm−2 )
0.73
1.40
3.37
5.36

𝑏𝑏𝑎𝑎
(mV/dec)
48
48
73
78

𝑏𝑏𝑐𝑐
(mV/dec)
−130
−156
−161
−164

3.1.2. Linear Polarization Resistance Method. In this section
we present only the electrochemical parameters deduced
from the linear polarization method (Table 2) at various
temperatures.
3.1.3. Electrochemical Impedance Spectroscopy. e temperature eﬀect on Nyquist and Bode representations of the
impedance values of the annealed alloy Fe-3Ti-2C in 1 N
sulphuric acid are shown in Figure 2. e presence of a
single capacitive semicircle in the complex plan and one
constant time in Bode plan indicate that the corrosion of
the alloy is controlled by charge transfer process, which is
unaﬀected by the temperature increase. It can be seen that
the circle diameter decreases when the temperature rises,
and this is assigned to the metallic dissolution. e slightly
depressed nature of the semicircle, that has the centre below
the 𝑥𝑥-axis, is the characteristic of solid electrodes. Such
frequency dispersion has been attributed to roughness and
other heterogeneities of the solid electrode [26, 27].
e charge transfer resistance (𝑅𝑅𝑡𝑡 ) and the interfacial
double layer capacitance (𝐶𝐶dl ) values were derived by using
the equivalent circuit modelled by the well-known iron-acid
interface [28]; these data are given in Table 3. e analysis
of the temperature eﬀect, on charge transfer resistance (𝑅𝑅𝑡𝑡 )
of the alloy reveals that the highest is the temperature value,
the lowest is the (𝑅𝑅𝑡𝑡 ) value, and consequently, the corrosion
resistance of the metal decreases. However, the 𝐶𝐶dl values are
less aﬀected by the temperature increase; this means that the
corrosion products do not change the double layer structure
[29].
In conclusion, whatever the technique, the 𝑖𝑖corr value of
the studied alloy in sulphuric acid solution increases with the
temperature rise.
3.2. Eﬀect of the Sodium Dodecyl Benzene Sulfonate (SDBS)
as a Corrosion Inhibitor. Surface active agents also called
surfactants are characterised by critical micelle concentration (CMC). Most of the physical and chemical properties of surfactant solutions undergo an abrupt variation at
this concentration [24]. In practice, the surface tension,
osmotic pressure, and electrical conductivity parameters are
measured for the determination of the CMC [30]. In our
case, the CMC of SDBS in 1 N sulphuric acid at 25○ C has
been determined in our previous paper [31] using electrical
conductivity measurements. e CMC value was estimated to
be 10−3 M. ree electrochemical techniques have been used

T 2: Electrochemical parameters deduced from the linear
polarization method at diﬀerent temperatures.
𝑇𝑇
(○ C)

25
35
45
55

𝐸𝐸corr
(mV)
−924
−930
−930
−929

𝑅𝑅𝑝𝑝
(Ω⋅cm2 )
26.35
10.70
6.92
4.13

𝑖𝑖corr
(mA⋅cm−2 )
0.58
1.49
3.15
5.56

𝐵𝐵
(mV/dec)
15.24
15.95
21.83
22.98

T 3: Electrochemical parameters deduced from the electrochemical impedance spectroscopy at diﬀerent temperatures.
𝑇𝑇
(○ C)
25
35
45
55

𝐸𝐸corr
(mV/ESS)
−925
−935
−931
−930

𝑅𝑅𝑡𝑡
(Ω⋅cm2 )
25.61
13.38
7.38
4.74

𝐶𝐶dl
(mF⋅cm−2 )
0.31
0.33
0.34
0.37

𝑖𝑖corr
(mA⋅cm−2 )
0.59
1.19
2.95
4.84

to study the anionic surfactant (SDBS) eﬀect on the corrosion
behaviour of the ternary alloy in sulphuric acid solution.
3.2.1. Potentiodynamic Polarization Curves at 25○ C. e
global polarization curve of the iron alloy in 1 N sulphuric
acid, in the absence and presence of various concentrations
of SDBS, is given in Figure 3. e addition of SDBS does not
aﬀect the general shape of the cathodic polarization curves.
However, the current densities are translated to the lowest
values. We can deduce therefore that the hydrogen evolution
reaction is slowed by the anionic surfactant and that acts
as a cathodic inhibitor. On the other hand, all the curves
coincide at the onset of anodic region, and they separate at
the potential about −750 mV; this indicates that SDBS isnot
adsorbed on the metal surface in this potential range. Beyond
the adsorption potential (−750 mV), some modi�cations
in the shape of the anodic curves and a decrease of the
current densities can be seen. Indeed, as the concentration
of SDBS increases from 10−3 M to 2.10−2 M, the anodic
current densities are shied to the lowest values. However,
when the concentration reaches 4.10−2 M, the current density
increases. We have noticed that, whatever the surfactant
concentration, all the current oscillations that indicate a
cyclic activation passivation of the alloy have disappeared,
extending thus the passivation plateau. Although, the current
perturbations have disappeared, in the presence of SDBS at
10−3 M and 10−2 M, the current limit remains constant (𝑖𝑖lim =
7 mA/cm−2 ), whereas its value is 0.86 mA/cm−2 at 2.10−2 M.
e obtained results show that the SDBS is adsorbed
on the anodic sites (constituted of ferritic matrix), and
this adsorption facilitated a disappearance of the oscillation
zones. Indeed, while blocking the actives sites (anodic), the
SDBS slows down the passage of Fe2+ ions toward the solution
and prevents the formation of the unsteady compounds as
FeSO4 ⋅7H2 O, Fe(OH)2 , and Fe3 O4 which are at the origin of
the establishment of the oscillations. Besides, the adsorption
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F 2: Temperature eﬀect on (a) Nyquist, (b) Bode diagrams of the alloy in sulphuric acid.

of this surfactant allows consolidating the passive �lm by
widening the passivation plateau.
Finally, we can say that the SDBS acts as a mixed inhibitor,
because it acts as well on the cathodic as on the anodic current
densities.
Table 4 collects the electrochemical parameters deduced
by Tafel method. ey are the corrosion potential (𝐸𝐸corr ),
anodic and cathodic Tafel slopes (𝑏𝑏𝑎𝑎 and 𝑏𝑏𝑐𝑐 ), corrosion current density (𝐼𝐼corr ), inhibition eﬃciency 𝐸𝐸 (%), and surface
coverage (𝜃𝜃).
e percentage inhibition eﬃciency (𝐸𝐸𝐸) and surface
coverage (𝜃𝜃) are obtained from the following relations:
𝐸𝐸𝐸 = [

(𝐼𝐼0 − 𝐼𝐼)
] × 100,
𝐼𝐼0

(2)

𝜃𝜃 = [

(𝐼𝐼0 − 𝐼𝐼)
],
𝐼𝐼0

(3)

where 𝐼𝐼0 and 𝐼𝐼 are the corrosion current densities obtained
with and without SDBS, respectively.
As it can be seen from Table 4, the corrosion potential
(𝐸𝐸corr ) has slightly shied towards the cathodic potentials
in presence of the diﬀerent concentrations of SDBS. As
the concentration of the inhibitor increases, the corrosion
current density is reduced until reaching its lowest value at
the concentration of 2.10−2 M, beyond which it starts again
increasing. is phenomenon has been reported by other
authors [32, 33] and attributed to the retreat of the surfactant
from the metal-solution interface and its comeback toward
the solution, aer forming a bilayer structure constituted
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T 4: Electrochemical parameters deduced by the Tafel method
in 1 N H2 SO4 in the absence and presence of various concentrations
of SDBS.

0
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T 5: Electrochemical parameters deduced by EIS in the absence
and presence of various concentrations of SDBS.
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F 3: Polarization curves of iron alloy in 1 N H2 SO4 with
diﬀerent concentrations of SDBS at 25○ C.

by aggregates of hemimicelles. According to Atkins [34],
a structure in monolayer is more stable than a structure
in multilayer. e highest inhibition eﬃciency has been
obtained at the concentration of 2.10−2 M (84%); this concentration is superior to the CMC. It is well known that
the inhibition eﬃciency increases with increasing surfactant
concentration until it reaches a maximum value. is value
corresponds to the CMC, and the inhibition eﬃciency of
the metal slightly changes when the surfactant concentration
exceeds the critical micelle concentration [19]. In our case,
the highest inhibitor eﬃciency is obtained at a concentration
above the CMC. is phenomenon is in agreement with
the reported ones of Pebere et al. [35] and Fuchs-Godec
[23]. We can suggest that the great number of the cathodic
sites, constituted by titanium carbides (TiC), needs a high
concentration of SDBS to be blocked. is condition allows
the suppression of the hydrogen evolution reaction (HER).
On the other hand the surfactant adsorption on the anodic
sites (ferritic phase) slows down all the metallic dissolution
process modifying thus signi�cantly the electrochemical
behaviour of the iron alloy in the acidic solution.
3.2.2. AC Impedance Study at 25○ C. Figure 4 shows Nyquist
and Bode plots of Fe-3Ti-2C immersed in normal sulphuric
acid solution in presence of SDBS. As can be seen, the
Nyquist plot in all cases appears as a depressed capacitive
semicircle. Generally, the size of the diagrams increases
with the concentration of the inhibitor (SDBS) indicating
that a charge-transfer process mainly controls the corrosion
of alloy. However, we noticed that at the concentration of
4.10−2 M the semicircle diameter decreases.
From the impedance data (Table 5), we can see that
the value of transfer charge resistance 𝑅𝑅𝑡𝑡 increases with

[SDBS]
(mol/L)
0
10−3
10−2
2 ⋅ 10−2
4 ⋅ 10−2

𝐸𝐸corr
(mV/ESS)
−925
−923
−933
−957
−935

𝑅𝑅𝑡𝑡
(Ω⋅cm2 )
25.61
34.00
39.00
69.00
46.00

𝐶𝐶dl
(mF⋅cm−2 )
0.31
0.33
0.29
0.25
0.27

%𝐸𝐸
/
25
34
63
44

𝐸𝐸

/
0.25
0.34
0.63
0.46

increase in concentration of the inhibitor. On the other
hand, the values of the double layer capacitance even they
are brought down, there variation remains weak, probably
that the addition of DBS does not modify the double layer
structure.
e inhibition eﬃciency got from the charge-transfer
resistance is calculated by
%𝐸𝐸 =

1/𝑅𝑅0𝑡𝑡 − 1/𝑅𝑅𝑡𝑡
× 100.
1/𝑅𝑅0𝑡𝑡

(4)

𝑅𝑅0𝑡𝑡 and 𝑅𝑅𝑡𝑡 are the charge transfer resistance values without
and with inhibitor, respectively.
It can be noticed that the maximum eﬃciency (%𝐸𝐸)
was obtained at the concentration of 2.10−2 M of SDBS, as
already determined by the Tafel method.
3.2.3. Linear Polarization Technique. e corrosion current
densities (𝐼𝐼corr ) are directly calculated from the polarization
resistance (𝑅𝑅𝑝𝑝 ) [36]. e 𝑅𝑅𝑝𝑝 value can help us to assess the
relative ability of a material to resist corrosion. Since 𝑅𝑅𝑝𝑝 is
inversely proportional to 𝐼𝐼corr , the materials with the highest
𝑅𝑅𝑝𝑝 (and thus the lowest 𝐼𝐼corr ) have the highest corrosion
resistance. From all these facts, we can discuss and correlate
between the data obtained from the 𝑅𝑅𝑝𝑝 and those computed
from potentiodynamic polarization as well as impedance
measurements.
e electrochemical parameters, namely, the polarisation
resistance (𝑅𝑅𝑝𝑝 ), the corrosion current density (𝐼𝐼corr ), and
the inhibition eﬃciency (Equation (2) has been used to
determine the inhibition eﬃciency), are listed in Table 6.
It can be observed that the variation of the polarization
resistance (𝑅𝑅𝑝𝑝 ) values is similar to the one of the chargetransfer resistance (𝑅𝑅𝑡𝑡 ), calculated from EIS method. Indeed,
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F 4: EIS diagrams in 1 N H2 SO4 at diﬀerent concentrations of SDBS.

the highest value of 𝑅𝑅𝑝𝑝 (46 Ω⋅cm2 ) is obtained at the concentration of 2.10−2 M. On the other hand, the corrosion current
densities 𝐼𝐼corr have the same evolution of those deduced by
the Tafel method.
e results obtained by the three electrochemical techni�ues show that (i) SDBS does not aﬀect signi�cantly the
corrosion potential; (ii) SDBS is really eﬃcient only in the
concentration of 2.10−2 M, that is, the optimal concentration; (iii) however, aer its adsorption on the anodic sites
(at −750 mV), it reduces remarkably the anodic current
densities, with removing the various oscillating states; (iv)
the SDBS acts as a cathodic and anodic inhibitor; (v) the
adsorption is a potential electrode dependent in the anodic

potentials domain; (vi) the corrosion process is activation
controlled and has not been aﬀected by the presence of the
anionic surfactant.
3.3. Temperature Eﬀect in Presence of the SDBS at Its Optimal
Concentration. e temperature can modify the interaction
between the surface state of the working electrode and
the acidic medium. e temperature eﬀect on the potentiodynamic polarization curves for Fe-3Ti-2C alloy in 1 N
sulphuric acid with 2.10−2 M SDBS is shown in Figure 5. It
can be shown that the parallel cathodic curves are translated
towards the high values current densities as temperature rises
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T 6: Electrochemical parameters deduced by linear polarization
method in the absence and presence of various concentrations of
SDBS.
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𝐸𝐸corr
%𝐸𝐸
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F 5: Temperature eﬀect on the polarization curves at the
optimal concentration of SDBS.

from 25○ C to 55○ C. On the other hand, we observe in the
low anodic overvoltages a slight translation of the curves
to higher current densities, indicating that the temperature
does not in�uence signi�cantly the anodic dissolution of 3Ti
in this range of potentials (from 𝐸𝐸corr up to approximately
−0.1 V/ESS). Beyond this potential zone the temperature
eﬀect is remarkable for two temperatures of 45○ C and 55○ C.
Indeed, the limit current density (𝑖𝑖lim ) records a signi�cant increase, indicating that the �lm formed on the metallic
surface becomes less eﬃcient. We deduce that a partial
desorption of SDBS occurs at the potential of 0.1 V, from
the anodic sites. An interesting fact is noted: increasing the
temperature does not favour the establishment of two types
of oscillations observed in the absence of SDBS. Concerning
the chaotic oscillations (close to the active zone), they do
not appear because, in this range of potentials, the SDBS
is adsorbed whatever the considered temperature, thereby
slowing the diﬀusion of Fe2+ ions to the solution. As for the
latter oscillations (those preceding the passivation plateau),
they cannot settle, because the adsorption, even partial, of
SDBS on the active sites (ferrite) prevents the occurring of the
events of the oxide dissolution (cycle dissolution formation).
All the points mentioned above lead us to deduce that the

T 7: Temperature eﬀect on the electrochemical parameters
deduced by the Tafel method at the optimal concentration.
𝐸𝐸corr
𝑏𝑏𝑎𝑎
−𝑏𝑏𝑐𝑐
𝐼𝐼corr
𝑇𝑇
(○ C) (mV/ESS) (mV/dec) (mV/dec) (mA⋅cm−2 )
25○ C
35○ C
45○ C
55○ C

−959
−954
−934
−930

40
40
39
60

60
140
167
196

0.12
0.54
1.34
2.18

%𝐸𝐸

84
61.43
60.23
59.33

𝐸𝐸

0.84
0.61
0.60
0.59

mechanism of dissolution of the ferrous alloy is under control
of a pure activation regime, whatever the temperature studied, and only the kinetics of proton discharge is accelerated
by increasing temperature. Furthermore, the adsorption of
the DBS on the anodic sites is indiﬀerent to the temperature
variation in the potential range from 0.750 V at 0.1 V. is
adsorption was eﬀective, even beyond this value, since it has
eliminated the active states occurring during the diﬀerent
oscillations.
e various electrochemical parameters are collected in
Table 7, inferred from the Tafel method.
In view of the obtained results, it emerges that the
corrosion current density (𝐼𝐼corr ) grows under the in�uence
of the rise in temperature. Consequently, the inhibition
eﬃciency (𝐸𝐸) is reduced under the eﬀect of temperature,
thereby decreasing the performance of the alloy, in the
considered environment, although it remains eﬀective at all
temperatures, because its inhibition eﬃciency exceeds 50%.
Arrhenius plots for the corrosion current density of Fe3Ti-2C are depicted in Figure 6. e activation energies can
be calculated from the following set of equations:
𝐼𝐼corr = 𝐾𝐾 𝐾𝐾𝐾 (−

𝐼𝐼′corr

𝐸𝐸𝑎𝑎
),
𝑅𝑅𝑇𝑇

𝐸𝐸′
= 𝐾𝐾 𝐾𝐾𝐾 (− 𝑎𝑎 ) ,
𝑅𝑅𝑇𝑇

(5)

where 𝐸𝐸𝑎𝑎 and 𝐸𝐸′𝑎𝑎 are the activation corrosion energies in
the absence and presence of the inhibitor, respectively. 𝑇𝑇 is
the absolute temperature, 𝐾𝐾 is the Arrhenius preexponential
constant, and 𝑅𝑅 is the universal gas constant.
e calculated values of apparent activation energy are:
𝐸𝐸𝑎𝑎 = 56.85 kJ⋅mol−1 and 𝐸𝐸′𝑎𝑎 = 79.43 kJ⋅mol−1 . e activation
energy of the blank solution is comparable with that reported
by many investigations [1, 4] for ferrous alloys in H2 SO4
solution. e results clearly show that the inhibited solution
has high value of 𝐸𝐸𝑎𝑎 than that of the uninhibited one. is
enhancing of 𝐸𝐸𝑎𝑎 in the presence of the inhibitor indicates
that more energy barrier for the corrosion reaction in
presence of the surfactant SDBS is attained [19]. e rising
in activation energy value, when compared to the blank
solution, suggested that there is a reduction in corrosion
rate [37]. is phenomenon is generally interpreted as an
indication for the formation of an adsorptive �lm. is fact is
governed by a physical (electrostatic) mechanism or a weak
chemical bonding between the inhibitor molecules and the
metal surface [22].
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T 8: Temperature eﬀect on the electrochemical parameters
deduced from EIS.

T 9: Temperature in�uence on the electrochemical parameters
deduced from linear polarization technique.

T
(○ C)

𝐸𝐸corr
𝑅𝑅𝑝𝑝
𝐵𝐵
𝐼𝐼corr
𝑇𝑇
(○ C) (mV/ESS) (Ω⋅cm2 ) (mV/dec) (mA⋅cm−2 )

○

25 C
35○ C
45○ C
55○ C

𝐸𝐸corr
(mV/ESS)
−957
−937
−947
−942

𝑅𝑅𝑡𝑡
(Ω⋅cm2 )

𝐶𝐶dl
(mF⋅cm−2 )

69.00
24.00
11.52
07.26

0.258
0.294
0.345
0.346

%𝐸𝐸
63
44
36
35

𝐸𝐸

0.63
0.44
0.36
0.35

−931
−936
−841
−838

25
35
45
55

2

46.00
22.00
09.54
07.47

10.43
13.52
13.74
19.97

0.22
0.62
1.44
2.67

%𝐸𝐸
61
58
54
52

𝐸𝐸

0.61
0.58
0.54
0.52

25

1.5
20
−Zi /(Ω·cm2 )

1

ln Icor /(mA·cm−2 )

0.5
0

15

10

−0.5

5
−1

0

−1.5

0

10

−2

25◦ C
35◦ C

−2.5

3.05

3.1

3.15

3.2

3.25

3.3

3.35

103 T −1 /(K−1 )
With DBS
Without DBS

F 6: Arrhenius plots calculated from corrosion current densities deduced from the Tafel method.

e impedance diagrams plotted in the plans Nyquist and
Bode for the Fe-3Ti-2C immersed in the inhibitor solution
at various temperatures are shown in Figure 7. Examination of the latter reveals that, whatever the temperature
considered, the impedance diagram consists of a single
capacitive loop, whose diameter decreases with temperature.
is phenomenon translates the reduction of the inhibitive
eﬃciency of the SDBS towards the corrosion of the Fe-3Ti2C in 1 N sulphuric acid. is is con�rmed by the diagram
of Bode (Figure 7) which shows a decrease of the impedance
modulus (∣𝑍𝑍∣) and phase angle (𝜑𝜑).
e impedance parameters are given in Table 8. It is
noteworthy that the resistance values of charge transfer (𝑅𝑅𝑡𝑡 ),
re�ecting a decrease in the temperature range studied. In
contrast, the values of double layer capacity (𝐶𝐶dl ) did not
suﬀer a remarkable increase: the temperature does not seem
to markedly aﬀect the structure of the double layer (at the
metal-solution interface).
e values of inhibition eﬃciency are lessening in the
temperature range considered. We note that these values,
although even tending as those collected by the Tafel method,

20

30
Zr /(Ω·cm2 )

40

50

60

45◦ C
55◦ C

F 7: Eﬀect of temperature on the impedance diagrams.

are lower. All these results show a decline in the performance
of surfactant, at high temperatures.
e results obtained using linear polarization curves for
the Fe-3Ti-2C in sulphuric acid solution in the presence of
SDBS at various temperatures are summarized in Table 9.
Analysis of the collected data re�ects a decrease of polarization resistance (𝑅𝑅𝑝𝑝 ) in the temperature range studied. e
opposite eﬀect is observed for corrosion current densities
(𝐼𝐼cor ), leading to a decrease of the inhibition eﬃciency (%𝐸𝐸).
ese results are in accordance with those obtained by
the techniques of the Tafel and EIS� they so come to con�rm
that SDBS loses partially its inhibitive eﬃciency at high
temperatures, due to its desorption from the cathodic sites.
3.3.1. Adsorption Isotherm. To determine the adsorption
process, the values of surface coverage 𝜃𝜃 obtained from Tafel
method, corresponding to diﬀerent concentrations of SDBS
at 25○ C, were used to explain the best isotherm. e adsorption of an organic compound at a metal-solution interface can
be represented as a substitutional adsorption process between
the organic molecules in the aqueous solution Org(sol) and
the water molecules on the metallic surface H2 O(ads) [38]:
AS(sol) + 𝑥𝑥H2 O(ads) ⟶ AS(ads) + 𝑥𝑥H2 O(sol) ,

(6)

where AS(sol) and AS(ads) are the surfactant molecules in
the acidic solution and are adsorbed on metallic surface,
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0.025

C/θ/(mol·L−1 )

0.02

9
modi�ed by Langmuir is therefore more appropriate to model
at best the adsorption of molecules at the interface of metal
solution:

R2 = 0.9877
K = 828.57
∆G◦ads = −26.23 kJ·mol−1

𝐶𝐶 𝑛𝑛
= + 𝑛𝑛𝑛𝑛𝑛
𝜃𝜃 𝐾𝐾

0.015

(9)

where “𝑛𝑛” is the number of the actives sites.
e negative value of Δ𝐺𝐺○ads (−26,34 kJ⋅mol−1 ) indicates
that the SDBS is spontaneously adsorbed on the surface of the
alloy. is value of Δ𝐺𝐺○ads is slightly lower than −20 kJ⋅mol−1 ,
and this is signi�cant of electrostatic interactions between
molecules charged negatively of the surfactant and the positive charge [43] of the metal (physical adsorption).

0.01
0.005
0
0.005

0.01

0.015
0.02
C/(mol·L−1 )

0.025

4. Conclusion

F 8: Langmuir adsorption isotherm in the presence of SDBS.

respectively. H2 O(ads) is the water molecule adsorbed on the
metallic surface, and 𝑥𝑥 is the size ratio representing number
of water molecules replaced by one molecule of surfactant
adsorbate. Several attempts were made to identify among
all the adsorption isotherms the one which presents the
best correlation with our experimental points. e use of
the values of surface coverage 𝜃𝜃, deducted from the Tafel
method, allowed us to express the most suitable isotherm.
We, therefore, selected the Langmuir isotherm equation,
which is given as [39]
𝐶𝐶 1
= + 𝐶𝐶𝐶
𝜃𝜃 𝐾𝐾

(7)

where 𝜃𝜃 is the surface coverage degree, 𝐾𝐾 the equilibrium
constant of the adsorption process, and 𝐶𝐶 the inhibitor
concentration in 1 N sulphuric acid. e constant 𝐾𝐾 is related
to the standard free energy of adsorption (Δ𝐺𝐺○ads ) by
Δ𝐺𝐺○
1
exp (− ads ) .
𝐾𝐾 =
55.5
𝑅𝑅𝑇𝑇

(8)

e value of 55.5 is the concentration of water in solution
expressed in mol.
Figure 8 illustrates the Langmuir isotherm obtained by
the plot of 𝐶𝐶/𝜃𝜃 according to 𝐶𝐶. e graph is represented by a
right, the correlation coeﬃcient of which is 0.987.
By analyzing the equation of the obtained right, we notice
that the slope (𝑛𝑛 = 1.16) is slightly superior to the unity,
this phenomenon has been reported by several studies [12,
40, 41], and it was attributed to interactions between the
organic molecules, adsorbed on the metallic surface [42].
It corresponds to the number of sites occupied by every
molecule of surfactant adsorbed on the metal surface [40].
Recently, Arab [12] attributed the deviation from ideality
(𝑛𝑛 = 1) to the adsorption of molecules with polar groups,
on the anodic and cathodic sites of the corroded surface. e
adsorbed species can interacted with each other by repulsive
or attractive strengths. e equation relative to the model

is study reveals that the increase of the temperature from
25○ C at 55○ C accelerates the dissolution of the ferrous alloy
in the 1 N sulphuric acid solution.
Considering the obtained results, we can summarize the
eﬀect of the DBS on the electrochemical behavior of Fe-3Ti2C immersed in a normal solution of sulphuric acid in several
points quoted below.
(i) e SDBS adsorbs on the cathodic sites, slowing down
the reaction of the proton discharge it reduces of this
fact the corrosion rate of the alloy, it can be considered
as cathodic inhibitor.
(ii) All the current oscillations are inhibited by the
adsorption of the SDBS on the active sites (ferrite); it
acts therefore as anodic inihbitor.
(iii) e adsorption of SDBS on the ternary alloy surface
in normal sulphuric acid obeys the Langmuir adsorption isotherm model. e SDBS inhibits the corrosion
of Fe-3Ti-2C in the acidic solution by physisorption
on the cathodic sites as well as the anodic ones.
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