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ABSTRACT
The electrochemical behavior of Cu-30Ni alloy was investigated in aerated
NaCl 3% in presence of ammonia solutions containing 3-amino-1,2,4-triazole
(ATA) and 3-4’-bitriazole -1,2,4 (BiTA), separately and mixed. For the cathodic processes, the addition of ATA, BiTA and mixture slows down markedly the reduction reaction of dissolved oxygen, and the cathodic process is
controlled merely by the hydrogen evolution. For the anodic processes, the
addition of ATA, BiTA and mixture suppressed completely the current peak
observed at the active–passive transition revealed in their absence, and the
passive current plateau is observed directly from the corrosion potential.
Therefore, the addition of ATA, BiTA and mixture reduces both the anodic
and the cathodic partial currents of the corrosion process. The inhibiting
efficiency of mixture is high, more than 98%, and even enhanced in presence
of ammoniac. It was found also that this inhibiting effect increased with the
immersion period.
 2014 Trade Science Inc. - INDIA

INTRODUCTION
Copper and its alloys are largely used in industrial
applications because of their high electrical and thermal
conductivities, and also because of their relatively good
resistance against the corrosion. In fact, the ionization
potential of copper is more anodic than the hydrogen
evolution process, and in presence of oxygen and in
neutral medium, a stable oxide will cover the surface of
these alloys. However, in presence of some pollutants
such as chlorine, sulphide or ammoniac in chloride medium, these materials may suffer a severe corrosion.

Electrochemical impedance
spectroscopy;
Triazole;
Polarization curve;
Inhibiting efficiency;
Cupro-nickel.

Organic inhibitors are largely used, with success, to
protect copper and copper alloys from the corrosion.
Many papers reported that organic compounds containing nitrogen and their derivatives such as amines[1-9],
amino acids[10,11], containing sulphur[12,13], and many
others showed inhibition effect for the corrosion of Cu
and Cu alloys in different media. Unfortunately, most of
these compounds are synthetic chemicals which may
be very expensive, toxic and hazardous to living creatures and environment e.g. benzotriazole (BTAH)[14] and
its derivatives are excellent corrosion inhibitors for Cu
and its alloys but these are toxic[15-17].
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Generally, the corrosion effect produced by a mixture of two or more inhibitors rarely corresponds to the
sum of individual effects. Instead, we observe a disproportionate increase or a decrease in individual effects. According to Horner and Röttger[18], the inhibitors of cationic and anionic type act on different sites
from a metal in a corrosive medium. Consequently, a
mixture of these two types of inhibitors should show an
additive or a phenomenon of synergy of the individual
anticorrosive effects.
Gonzalez and coll.[19] showed a significant synergistic effect between the ethylxanthate of potassium and
the benzotriazole against corrosion of the copper in
0,1M NaCl in the pH range 7-11. The ethylxanthate of
potassium increases the compactness of the passive
movie formed in the presence of the benzotriazole. On
the other hand, Sockalingum et al.[20] have shown that
benzotriazole and tolytriazole coadsorbent to the surface of copper when present simultaneously in the same
solution. According to these authors, the tolytriazole film
is formed preferentially at sites not covered by the film
of benzotriazole.
The study of electrochemical behavior of copper in
mixtures 3-amino 1, 2, 4-triazole (ATA) with 1-hydroxybenzotriazole (BTAOH), 3-amino 1, 2, 4-triazole (ATA)
with Benzotriazole (BTAH) and Benzotriazole (BTAH)
with 1-hydroxy-benzotriazole (BTAOH), in a solution
of chlorinated borate (0.2 M NaCl) showed that, in the
case of (ATA BTAH) and (BTAH, BTAOH), the medium has the same behavior as the only BTAH and
BTAOH and ATA improves efficiency BTAH against
the anodic dissolution of copper. To the mixture (ATA
BTAOH), the measured current densities are low. The
shape of the polarizations curves is comparable to that
of the ATA to 10 mM. The BTAOH improves the efficiency of ATA[21].
Thus, the presence of two or more inhibitors may
lead to the development of a film more protective than
that formed in the presence of each compound. It
seemed then interesting to study the electrochemical
behavior of the mixture (ATA + BiTA) against corrosion of the alloy Cu-30Ni in NaCl 3% in the presence
of ammonia will be reported.
EXPERIMENTAL CONDITIONS
A classic electrochemical cell with three-electrode

configuration was used in this study: a platinum grid as
counter electrode, a rotating disk of Cu–30Ni as working electrode, and Ag/AgCl in 3M KCl (SSE) as reference electrode. All potentials in this paper are referred
to this electrode.
The working electrode was made of cylinder rod
of Cu–30Ni (Good fellow) of 12.5mm in diameter. A
cylinder rod of about 1 cm height was fixed to a stainless-steel shaft, and then the lateral part was covered
with a cataphoretic epoxyamine base paint (PPG;
WT724 + P962). First, the paint was deposited at a
constant voltage of 180V during 4 min, and then cured
at 180 æ%C for 30 min. After that, the electrode was
embedded into an epoxy resin (Buhler; Epoxycure),
and worked out to the cylinder shape, the outer diameter of which was 21 mm. Only the cross-section of the
alloy rod embedded in the epoxy resin was used to
form a rotating disk electrode. The cataphoretic coating allowed avoiding any infiltration of electrolyte between the metal and epoxy resin interface. Just before
each experiment, the electrode surface was abraded
by emery-paper up to 1000 grade.
The corrosion test solution was prepared with deionized water and reagent grade chemicals: 3 wt %
NaCl + 0.05M NH4OH + 0.05M NH4Cl. The pH of
this buffer solution was 9.25. ATA (Fluka; Purum) was
used as received without any further purification, BiTA
was synthesized.
The surface morphology of the electrode was examined with a scanning electronic microscope (SEM;
Leica Stereoscan 440), and element analyses were performed with EDAX (Princeton Gamma-Tech).
RESULTS AND DISCUSSION
Surface film formed upon Cu–30Ni surface by corrosion
Figure 1a presents the surface morphology after
24 h of immersion in ammoniac containing NaCl 3%
solution in absence of ATA (reference solution). It can
be seen that the alloy surface is covered by spongy
corrosion products. In contrast, in presence of BiTA,
ATA and mixture (Figure 1b, c and d), almost no corrosion is revealed, and the grooves due to the initial
surface abrasion remain clearly visible after 24 h imResearch & Reviews In
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mersion. Some precipitates observed are NaCl crystals appeared because of insufficient surface rinsing. The
comparison of these figures reveals a marked inhibiting
efficiency of inhibitors.
Figure 2a presents the results of EDAX analysis.
The copper, nickel, chloride, and oxygen were detected
at the electrode surface for the alloy specimen immersed
in the reference solution during 24 h, as can be seen in
Figure 2b, c and d. If the electrode was dipped in the
solution containing 1mM of inhibitors, the peak due to
the oxygen decreased dramatically. In contrast, C and
N peaks appeared in this solution, which suggest the
adsorption of inhibitor on the electrode surface. The
formation of a thin inhibitor film is in agreement with the
SEM observations.
The corrosion rate will be evaluated quantitatively
first by polarization curves then by electrochemical impedance spectra.
Polarization curves
Cathodic and anodic polarization curves of Cu-30Ni
alloy corrosion in 3% NaCl polluted by ammoniac in the
absence and presence of the examined inhibitors, were
plotted after 30 min of immersion time at free corrosion

potential. The effect of the tested inhibitors was studied.
Values of associated electrochemical parameters such a
corrosion potential (Ecorr), cathodic Tafel slop (bc), corrosion current density (Icorr) and inhibition efficiencies
(E%) for the tested inhibitors at the concentrations 1 mM
and 10 mM are given in TABLE 1.
Anodic curves
The anodic polarization curves of the action of mixture (ATA + BiTA) are presented in Figure 3 and 4. On
the same figures are represented the curves recorded
in the presence of ATA and BiTA alone. The addition of
mixture to the corrosion test solution decreases the rate
of alloy dissolution. The current peak, observed at 200 mV in absence of mixture, disappears by increasing the inhibitor concentration while moving towards
more positive potential values.
When the mixture of inhibitors is present in the solution at a concentration of 10 mM, the anodic curve is
modified and presents a passive domain, which is clearly
observed compared to blank essay. This effect can be
explained by the fact that the product tested acts by
adsorption on the surface of the material and contributes to an establishment of anodic film formation. This

Figure 1 : SEM picture of Cu-30Ni electrode surface after 24 h immersion in 3% NaCl pH 9.25 (corrosion test solution), (a)
Blank, (b) BiTA, (c) ATA, (d) ATA+BiTA.
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Figure 2 : EDAX spectra obtained of Cu-30Ni electrode surface after 24 h immersion in 3% NaCl pH 9.25 (corrosion test
solution), (a) Blank, (b) BiTA, (c) ATA, (d) ATA+BiTA.

passivity is broken with anodic overtension higher than
100 mV for 1mM of mixture concentration. This effect
can be allotted to the destruction or the desorption of
film formed by the mixture on the surface of the electrode.
Cathodic curves
Cathodic curves of Cu-30Ni alloy in aerated 3%
NaCl solution polluted by ammonia, without and with
the tested inhibitors are shown in Figure 5 and 6. A
small current peak, at “0.36 V versus Ag/AgCl, can be
noticed when immersed in the reference solution. This
peak may correspond to the reduction of corrosion
products formed at the open-circuit conditions before
potential sweep[22].
In presence of inhibitors, the action of the mixture
(ATA, BITA) also results in a decrease of current densities from 1 mM of the mixture, with disappearance of
the peak cathodic recorded in the absence of inhibitor.
The disappearance of this peak can be explained by
the formation of a complex mixed-alloy - (ATA, BITA).

We also note the appearance of a wide range of linearity, assigned to the Tafelien field. This shows that there’s
a change in the kinetics of interfacial processes, more
pronounced with the combination of both inhibitors.
At high concentrations (ATA, BITA), the cathode
current density is much lower.
The extrapolation of cathodic polarization curve to
the open-circuit corrosion potential Ecorr allowed evaluating the corrosion current density. The results are summarized in TABLE 1. The inhibiting efficiency E in percent was calculated according to the following expression:
E  100 

0
i corr
 i corr
0
i corr

(1)

0
where icorr
and i corr stand, respectively, to the corrosion current density without and with inhibitor.
These results show that the addition of mixture in
the solution is accompanied by a decrease of the current density values in the vicinity of the corrosion po-
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TABLE 1 : Effect of BiTA, ATA and mixture on the electrochemical kinetics of Cu–30Ni in aerated 3% NaCl pH 9.25

1mM

Medium

10 mM

bc (mV/dec) Ecorr (mVAg/AgCl) Icorr (µA cm-2) E (%) bc (mV/dec) Ecorr (mVAg/AgCl) Icorr (µA cm-2) E (%)
Blank

- 267

- 298

91,3

-

-267

-298

91,3

-

BiTA

- 213

- 214

4.5

95

-195

-197

1,96

97,8

ATA

- 198

- 217

1,7

98,1

-219

-215

1,33

98,5

ATA+BiTA

- 220

- 153

1,81

98

-201

-151

1,4

98,4

tential. The inhibition efficiencies reached 98% at 1 mM
of mixture.

electrode, the addition of inhibitor does not induce a
new time constant, they remained always two. The impedance spectra are then analyzed with a non-linear
Electrochemical impedance spectroscopy (EIS)
regression calculation with a Simplex algorithm with two
We will firstly determine the effect of the inhibitor R–C ladder circuits. The calculation results are preconcentration for a given immersion time, here 0.5 h, sented in TABLE 2. The equivalent circuit and the 2
and then the influence of immersion period will be esti- function used are given elsewhere[24,25]. Whereas the
mated.
low frequency elements are related to the oxidation–
reduction contribution of the corrosion products (RF–
Influence of concentration
The impedance diagrams in Nyquist plot for differ- CF). There is no contribution of the latter couple in the
ent inhibitor concentrations are presented in Figure 5 absence of inhibitor. Moreover, the values determined
and 6. The high frequency part of impedance is dis- for this couple from the numerical simulations of the
played with an enlarged scale in the insert. It can be diagrams are not discussed in the text since it appears
noticed that the impedance modulus increased dramati- that they are scattered probably due to the fact that
they are likely ascribed to corrosion products.
cally in presence of inhibitor.
In the context of a detailed study published elseThough not clearly separated, these diagrams may
[22,26]
where
, the spectra obtained in the presence of the
be split into two capacitance loops. However, in contrast to the case of copper electrode[23], with the alloy mixture present also three capacities loops. Even if we
do not distinguish clearly three loops, the adjustment of
TABLE 2 : The results of non-linear regression for the impedance spectra presented in Figure 7 and 8
Medium
Blank

Rf
Cf
Rt
Cdl
Re
E
(.cm2) (k.cm2) (F.cm-2) (k.cm2) (F.cm-2) (%)
9.31

-

-

0.450

145

-

1mM
BiTA

15.62

2.054

58

4.591

138

90.20

ATA

32,88

0.169

17.3

11.164

17

95.96

ATA+BiTA

27.7

0.150

29.9

17.427

22.8

97.42

29.09 93.62

10 Mm
BiTA

10.118

2.299

26.4

7.058

ATA

9.43

170

11.71

20.695

1.6

97.82

28

72.7

11.4

17.924

12.1

97.50

ATA+BiTA
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Figure 3 : Anodic polarization curves of Cu-30Ni in 3% NaCl
in presence of ammonia (pH 9.25) without and with the tested
inhibitors at the concentration 1 mM, Ù = 1000 rpm; |dE/dt| =
30 m/Vs.
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parameters can be made correctly only with three constants of time.
In this table, Re indicates the electrolyte resistance.
At high frequencies, the first loop characterized by Rf and
Cf is associated with the dielectric film surface; the second loop is attributed to the charge transfer resistance Rt
and the double layer capacitance Cdl. In presence of
inhibitor, Cdl decreases, corresponding to the surface
coverage by inhibitor observed by EDAX analysis.

Figure 6 : Cathodic polarization curves of Cu-30Ni in 3%
NaCl in presence of ammonia (pH 9.25) without and with the
tested inhibitors at the concentration 10 mM, Ù = 1000 rpm;
|dE/dt| = 30 m/Vs.

Figure 4 : Anodic polarization curves of Cu-30Ni in 3% NaCl
in presence of ammonia (pH 9.25) without and with the tested
inhibitors at the concentration 10 mM, Ù = 1000 rpm; |dE/dt|
= 30 m/Vs.

Figure 7 : Impedance diagrams of Cu–30Ni in the corrosion
test solution in absence or in presence of 1 mM of ATA, BiTA
and mixture after 30 min of stabilization period. Ù = 1000
rpm

17.924 k¿cm2 in presence of 1 mM and 10 mM of
mixture respectively. This significant increase can be
interpreted by effective protection of the alloy by the
mixture.
Influence of the immersion time
Figure 5 : Cathodic polarization curves of Cu-30Ni in 3%
NaCl in presence of ammonia (pH 9.25) without and with the
tested inhibitors at the concentration 1 mM, Ù = 1000 rpm;
|dE/dt| = 30 m/Vs

If we interpret the action of the mixture by the variation of Rt, the examination of the diagrams can be noted
that the Rt increased from 0.450 k¿cm2 to 17.427 and

Figure 9 and 10 presents the evolution of impedance spectra with respect to the immersion period.
As can be seen in this figure, the impedance diagram in the Nyquist plot becomes larger with time. The
increase of the polarization resistance with the immersion period is often reported for the inhibiting action of
heterocyclic on copper corrosion[27–31].
Research & Reviews In

Electrochemistry
An Indian Journal

20

Contribution to the synergistic effect of triazole derivatives on corrosion inhibition

RREC, 5(1) 2014

Full Paper
values of characteristic parameters obtained of measured impedances, by operating in simplex.
The first loop at high frequencies, characterized by
Rf and Cf is associated with the dielectric film surface.
TABLE 3 shows that the evolution of the parameters is
similar for both concentrations in combination with different values. For a concentration of 1 mM in a mixture, there is an increase in resistance of the film changes
from 150.86 ¿cm2 for 30 minutes immersion 452.1

Figure 8 : Impedance diagrams of Cu–30Ni in the corrosion
test solution in absence or in presence of 10 mM of ATA, BiTA
and mixture after 30 min of stabilization period. Ù = 1000
rpm

Figure 10 : Evolution of impedance spectra with immersion
period. Cu–30Ni in the corrosion test solution in presence of
10 mM of mixture. Ù = 1000 rpm
TABLE 3 : Variables representing experimental EIS data in
presence of mixture for Ù = 1000 rpm
Medium

Figure 9 : Evolution of impedance spectra with immersion
period. Cu–30Ni in the corrosion test solution in presence of
1 mM of mixture. Ù = 1000 rpm

These diagrams show a capacitive behavior of the
interface in the frequency range examined. The module
of the impedance at a given frequency increases with
time and with the concentration of the mixture.
The spectra obtained in the presence of the mixture
also present three capacitive loops. Even if you do not
clearly distinguish between the three loops, the adjustment of parameters can not be done properly with three
time constants. Figures 9 and 10 shows, for different
immersion times and for both concentrations studied,
the fitted curves are superimposed to the experimental
curves well. The evolution of the characteristic parameters associated with the capacitive loop with time is
summarized in TABLE 3. This table also presents the
Research & Reviews In
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Rf
Cf
Time
(h) (.cm2) (F.cm-2)

Rt
(k.cm2)

Cdl
(F.cm-2)

E’
(%)

0,5

-

-

0.450

145

-

2

-

-

0.372

171

-

4

-

-

0.196

123

-

24

-

-

0.177

90.1

-

0,5

150,8

29.9

17.427

2,28

97.42

2

174,5

20

17.872

10.7

97.92

4

165

11.7

28.792

10.6

99.32

24

452

6

22.511

14.1

99.21

0,5

72,7

11.4

17.904

12.1

97.49

2

108,5

9.3

21.745

6.9

98.29

4

114

7.9

31.589

6.01

99.38

24

201.9

7.6

252 640

1.37

99.93

Blank

Mixture
1mM

Mixture
10mM
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¿cm2 after a day of immersion. In the presence of 10
mM, this resistance is 72.665 ¿cm2 après 30 minutes
of immersion. For an immersion time of 24 hours it was
201.9 ¿cm2. In parallel, the ability of the film Cf decreases with time, indicating a thickening of the film
formed with the immersion time. These values are smaller
for a concentration of 10 mM. This indicates that the
film formed with 10 mM inhibitor in the mixture is thicker
than the other concentration.
The second loop obtained in medium frequencies,
indicates the presence of the protective film on the surface of the alloy. This loop is characterized by (Rt, Cdl)
for the double layer capacity (Cdl) in parallel with the
charge transfer resistance (Rt). The evolution of these
two parameters is shown in the TABLE 3.
As can be seen in this figure, the impedance diagram in the Nyquist plot becomes larger with time
For both concentrations tested, there was a significant increase of the charge transfer resistance from the
immersion of the electrode. It goes from 0.450 k.cm2
without mixture to 17.427 k.cm2 and 17.904 k.cm2
in the presence of 1 mM and 10 mM of mixture respectively. As can be seen in this table, this resistance
becomes larger with time, indicating an empowerment
of mixture the inhibitors (ATA + BITA). Any time the
values of Rt recorded in the presence of 10 mM are
more important. This value reaches a maximum 252.640
k.cm2 after 24 hours of immersion time.
The values of the double layer capacity (Cdl) decrease with the concentration and with the time. These
values correspond to the capacity of double layer in the
presence of the mixture film.
The values of inhibition efficiency (E’) for different
immersion time in the presence of 1 mM and 10 mM of
mixture (ATA+BITA) are grouped in TABLE 3 is calculated by:

Synergism consideration
Synergistic inhibition effect of inhibitors takes place
when the total action of compounds is higher than the
sum of each one individually.
The synergism parameter (S) was calculated using
the following equation:
S

1   1   2 
1   1'  2

(3)

where 1 is inhibition efficiency of BiTA, 2 is the inhibition efficiency of ATA and ’1+2 is inhibition efficiency
of BiTA+ ATA. The value of S is calculated as 1.98
which is greater than unity indicates that the enhanced
inhibition efficiency is due to synergistic effect of BiTA
and ATA[33,34].
The values of faradic capacity (TABLE
4) recorded at different immersion times are lower
than those calculated in the absence of the
inhibitor. These values are lower in the presence of
10mM. This shows that the complex formed with the
mixture is more protective and adhering to this
concentration (Rt large).
DISCUSSIONS

Electrochemical study showed that the mixture
(ATA+BiTA) product tested is a good corrosion inhibitors, against Cu–30Ni corrosion in 3% NaCl polluted by ammonia at pH 9.25. The mixture acts at the
same time on the anodic and cathodic electrochemical
processes. Polarization curves showed that the inhibiting effect of this compound results in a clear reduction
of the cathodic and anodic current density values especially in the vicinity of corrosion potential. At 10 mM,
the alloy presents a domain of passivity wider than that
obtained in the presence of 1 mM. This shows that the
complex formed in this concentration is more protecRti  Rt0
tive. On the cathodic branches and for both studied
E  100 
(2)
Rt0
concentrations, the action of the mixture (ATA, BiTA)
also results a decrease of the current densities values in
where Rti and Rt0 are respectively charge transfer rethe vicinity of the corrosion potential from 1mM. This
sistance with and without inhibitor, corroborate those decrease is accompanied by the disappearance of the
obtained with the stationary curves of polarization.
peak raised in the absence of mixture and which is due
In the whole cases, the protective effectiveness is to the reduction of CuCl, on other hand can be exhigher than 99%. Furthermore, the inhibiting efficiency plained by the formation of a complex alloy - (ATA,
tends to increase with immersion period.
BiTA)[21,32]. These results were confirmed by impedResearch & Reviews In
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ance tests where it was observed that the effect of inhibitor addition is distinguished by an increase of the
resistance and a strong reduction of the electrochemical interface capacity value. The specters of impedances were also adjusted by a circuit 3R-C. For both
concentrations tested, there was a significant increase
of the charge transfer resistance from the immersion of
the electrode. It goes from 0.450 k.cm2 without mixture to 17.427 k.cm2 and 17.904 k.cm2 in the presence of 1 mM and 10 mM of mixture respectively. As
can be seen in this table, this resistance becomes larger
with time, indicating an empowerment of mixture the
inhibitors (ATA + BITA). These observations prove that
(ATA, BiTA) acts by formation of a protective complex film on the surface of the alloy that improves with
time. The analysis of elements by EDAX confirms the
presence of this complex on the surface of the alloy.
CONCLUSION
The comparative analysis of the results obtained in
this work with the examined inhibitors, namely ATA,
BiTA and their mixture shows that:
The ATA, BiTA and mixture act at the same time on
the reactions anodic and cathodic of the process of corrosion. Indeed the cathodic domain is characterized for
the examined inhibitors, by decrease of the current density values in the vicinity of the corrosion potential and
disappearance of the cathodic peak, recorded in the
absence of inhibitors. The anodic polarization curves
show a decrease of the current density values with disappearance the current peak recorded in the absence
of the examined inhibitors. For both concentrations, the
action of ATAis limited to low anodic overvoltage. While
the BiTA and the mixture show a good protection, even
in the strongest anodic overvoltage. The shape of the
curve recorded in the presence of the mixture is comparable to that in the presence of BITA alone. This suggests an improvement the efficiency of BITA by the ATA,
in other words there is preferential adsorption of the
BiTA on the surface of the alloy and the ATA improves
the resistance of the film formed.
REFERENCES
[1] E.M.Sherif, S.M.Park; Electrochim. Acta, 51, 4665
Research & Reviews In

Electrochemistry
An Indian Journal

(2006).
[2] E.M.Sherif, S.M.Park; J.Electrochem.Soc., 152,
428 (2005).
[3] E.Stupnisek-Lisac, A.Brrnada, A.D.Mance;
Corros.Sci., 42, 243 (2000).
[4] H.Ma, S.Chen, L.Niu, S.Zhao, S.Li, D.Li;
J.Appl.Electrochem., 32, 65 (2002).
[5] S.M.Sayed, E.A.Ashour, B.G.Ateya; Corros.Sci.,
36, 221 (1994).
[6] A.A.El-Warraky; Anti-Corros. Methods and Materials, 50, 40 (2003).
[7] M.Ehteshamzadeh, T.Shahrabi, M.G.Hosseini;
J.Appl.Surf.Sci., 252, 2949 (2006).
[8] M.M.Singh, R.B.Upahyay, B.N.Upahyay;
Bull.Electrochem., 12, 26 (1996).
[9] N.A.Al-Mobarak, K.F.Khaled, O.A.Elhabib,
K.M.Abdel-Azim; J.Mater.Environ.Sci., 1(1), 9
(2010).
[10] J.B.Matos, L.P.Pereira, S.M.L.Agostinho,
O.E.Baricia, G.G.O.Cordeiro, E.D.Elia;
J.Electroanal.Chem., 570, 91 (2004).
[11] G.Moretti, F.Guidi; Corros.Sci., 44, 1995 (2002).
[12] M.A.Elmorsi; In Electrochem.Soc., Spring Meeting, Los Angelo’s, CA, 96, 167 (1996).
[13] S.Kumar,
T.S.Narayanan,
M.S.Kumar,
A.Manimaran; Int.J.Electrochem.Sci., 1, 456
(2006).
[14] N.K.Allam, A.Abdel Nazeer, E.A.Ashour;
J.Appl.Electrochem., 39, 961 (2009).
[15] E.Stupnisek-Lisac, A.Gazivoda, M.Modzarac;
Electrochim.Acta., 47, 4189 (2002).
[16] E.Stupnisek-Lisac, N.Galic, R.Gasparac; Corrosion,
56, 1105 (2000).
[17] S.Varvara, L.M.Muresan, K.Rahmouni,
H.Takenouti; Corros.Sci., 50, 2596 (2008).
[18] L.Horner, F.Rottger; Werkstoffe und Korrosion, 15,
125 (1964).
[19] S.Gonzalez, M.M.Laz, R.M.Souto, R.C.Salvarezza,
A.J.Arvia; Corrosion, 49, 450 (1993).
[20] D.Sockalingum, M.Fleischmann; Spectrochimica
Acta, 47A, 1475 (1991).
[21] W.Qafsaoui; thèse de doctorat de l’université Ibn
Tofail. Science des Matériaux, (2000).
[22] K.Es-Salah; Study of the Inhibition of Corrosion of
Cu-30Ni Alloy in 3% NaCl Medium Polluted by
Ammonia Effect of Triazole Derivatives, Cotutelle
Thesis, Ibn Toufail University, Kenitra, (2006).
[23] M.Sfaira, A.Srhiri, H.Takenouti, M.Marie de
Focquelmon-Loizos, A.Ben Bachir, M.Khalkhil;
J.Appl.Electrochem., 31, 537 (2001).

RREC, 5(1) 2014

M.Benmessaoud et al.

23

Full Paper
[24] B.Trachli; Cotutelle Thesis, P&M Curie University–
Kénitra University, November, (2001).
[25] S.Duval, M.Keddam, M.Sfaira, A.Srhiri,
H.Takenouti; J.Electrochem.Soc., 149, B520
(2002).
[26] K.Es-Salah, M.Keddam, K.Rahmouni, A.Srhiri,
H.Takenouti; Aminotriazole as Corrosion Inhibitor
of Cu-30Ni Alloy in 3% NaCl in Presence of Ammoniac, Electrochimica Acta, 49(17-18), 2771-2778
(2004).
[27] B.Trachli; Cotutelle Thesis, P&M Curie University–
Kénitra University, November, (2001).
[28] H.Otmacic, E.Stupnišek-Lisac; Electrochim.Acta,
48, 985 (2003).
[29] S.El Issami, L.Bazzi, M.Hilali, R.Saloghi, S.Kertit;
Ann.Chim.Sci.Mat., 27, 63 (2002).
[30] A.Dafali, B.Hammouti, R.Makhlisse, S.Kertit;
Corros.Sci., 45, 1619 (2003).

[31] N.Huynh, S.E.Bottle, T.Notoya, A.Trueman,
B.Hinton, D.P. Schweinsberg; Corros.Sci., 44, 1257
(2002).
[32] A.Laachach; Thesis, Mohamed V University,
Rabat, (1991).
[33] M.K.Pavithra, T.V.Venkatesha, K.Vathsala,
K.O.Nayana; Synergistic effect of halide ions on
improving corrosion inhibition behaviour of
benzisothiozole-3- piperizine hydrochloride on mild
steel in 0.5MH2 SO4 medium, Corrosion Science,
52, 3811–3819 (2010).
[34] S.A.Umoren, O.Ogbobe, I.O.Igwe, E.E.Ebenso;
Inhibition of mild steel corrosion in acidic medium
using synthetic and naturally occurring polymers and
synergistic halide additives, Corrosion Science, 50,
1998–2006A (2008).

Research & Reviews In

Electrochemistry
An Indian Journal

