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Low pH Containing Nitrate lon and Its Inhibition Using
Different Surfactants

O. A. Abdullatef*”, W. A. EI-Mahmoudy?

YFaculty of Pharmacy, Pharos University, Alexandria, Egypt
2Faculty of Science, Alexandria University, Alexandria, Egypt

Abstract Localized or pitting corrosion of aluminum in acidic medium is a problem for some industries. Severe attack
can lead to pinhole leaks and instrument breakdown. The results showed that pitting corrosion occurred in waters with low
nitrate ion concentration. The effect of adding different types of surfactants on the inhibition of the pitting corrosion of
aluminum in 0.1 M HNO; was studied using potentiodynamic polarization and electrochemical impedance (EIS)
spectroscopy techniques. The electrochemical results proofed that both the anionic surfactant sodium lauryl sulfate and the
cationic surfactant cetrimide can decrease the pitting corrosion of aluminum in aqueous solution containing nitrate ion to a
great extent. The mechanism of adsorption of surfactants on metal surface was studied using the kinetic thermodynamic
model. The free energy change of adsorption indicated that the adsorption of surfactants on metal surface is spontaneous in
nature. The adsorption of both surfactants is comprehensive process (physical and chemical).
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1. Introduction

It is not surprising that aluminum and aluminum alloys are
used through the world due to their high technological value
and their use in industrial applications especially in
household and aerospace industries [1-3]. Aluminum and its
alloys are economically important due to their light weight,
high electrical capacity and good corrosion resistance [4, 5].
Despite the fact that aluminum is a reactive metal, it is
resistant to corrosion in solutions of moderate pH ranged
from 4 to 9, only in absence of aggressive ions as chlorides
and sulfates [6, 7]. The resistance of aluminum to corrosion
is a result of the formation of a thin, well adhered and
protective oxide layer [8, 9]. Far away from the pH range 4 to
9, the oxide film is soluble and promote uniform attack
[6, 10].

The behavior of aluminum and its alloys in aggressive
environments have been studied [10-14]. Acid pickling of
aluminum is widely used in the chemical industries to
remove the scales from the metallic surface [15]. Many
chemical inhibitors are used to prevent the dissolution of
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aluminum surfaces during its chemical etching [16, 17]. The
organic compounds containing hetero atoms such as sulphur,
nitrogen or oxygen in their structure are the most effective
corrosion inhibitors [18-21]. Finding new inhibitors for
corrosion of aluminum is still understudy.

The pitting corrosion of aluminum usually occurs in
aqueous solutions in presence of aggressive ions such as CI’
[22-27], CIO5 [28], CIO, [28-31] and SCN™ [32] anions. It is
said that pitting corrosion of aluminum can be described by
the local break down of the passive oxide film. The pitting
corrosion of aluminum in aluminum-electrolyte system is
characterized by a critical break down potential E, resulting
in break down of the oxide passive film [22].

Surfactants are commonly used chemicals in many
industrial applications [33]. Nowadays, Surfactants play a
new role in corrosion inhibition technology [34-38]. The
advantages of surfactants over other chemical inhibitors are
their cheapness, easy production and their low toxicity [39].
The mechanism of action of surfactants on the metal surface
is its adsorption in such a way that the polar part (hydrophilic)
attaches the metal surface. On the other hand, the non-polar
part (hydrophobic) extends in the solution [40].

The adsorption of surfactant on the metal surface depends
on the structure of the surfactant [35, 41, 42]. Li et al, [43]
studied the effect of tetradecylpyridinium bromide (TDPB)
as corrosion inhibitor for aluminum in 1.0 M HCI solution
by using weight loss, potentiodynamic polarization, and
electrochemical impedance spectroscopy (EIS) techniques.
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The results showed that TDPB acts as cathodic-type
inhibitor where its efficiency increases with increasing its
concentration, and were found to be inversely proportional to
the temperature. The adsorption of TDPB on aluminum
surface is consistent with Langmuir adsorption isotherm.
The inhibition effect of a 3-(10-sodium sulfonate decyloxy)
aniline monomeric surfactant and the polymeric surfactant
poly[3-(decyloxy sulfonic acid) aniline] (PC10) on the
corrosion of aluminum in 0.5 M hydrochloric acid was
studied by wusing weight loss and potentiodynamic
polarization techniques [44]. The results showed that both
surfactants acted as mixed-type inhibitors in which their
inhibition efficiency increased with increasing surfactant
concentration and decreased with increasing temperature.
Mehdaoui et al, [45] synthesized some anionic surfactants
[gasoil sulfonate (GOS), kerosene sulfonate (KES), heavy
solvent sulfonate (HSS) and total gasoline sulfonate (TGS)]
obtained from Algerian petroleum fractions and studied their
effect on aluminum corrosion in hydrochloric solution (1 M
HCI) using weight loss measurements, electrochemical
polarization, and electrochemical impedance spectroscopy
techniques. The results showed that the corrosion inhibition
efficiency is in the order: TGS < HSS < KES < GOS which
is in accordance with the number of carbon atoms in the
hydrophobic chain of the inhibitor molecule. The
electrochemical measurements showed that these surfactants
act as cathodic inhibitors, and their adsorption on Al
substrate is a physisorption-type, spontaneous and
exothermic.

According to our knowledge, there is no previous studies
narrated that aluminum and its alloys undergo pitting
corrosion in NOs™ ions containing solutions. The aim of this
study is to focus on the pitting corrosion of aluminum in
nitric acid and to evaluate the different types of surfactants as
corrosion inhibitors for aluminum in this media. The present
study will be extended to assess their role in controlling the
localized form of corrosion of aluminum.

2. Experimental

2.1. Electrochemical Measurements

The electrochemical measurements were carried out by a
frequency response analyzer potentiostat (ACM 604). The
frequency range for impedance measurements (EIS) was 30
kHz to 0.01 Hz with applied potential signal amplitude of 10
mV around the rest potential. A three electrode mode cell
was used, the cell contains an auxiliary graphite electrode
and saturated calomel reference electrode. The working
electrode was fabricated in cylindrical form. Aluminium was
encapsulated in epoxy resin in such a way that only one
surface was left uncovered. The working electrode has the
chemical composition (% wt): Al 99.687; Mn 0.001; Zn
0.001; Ni 0.003; Fe 0.171; Si 0.135; Cu 0.001. The exposed
area (0.5 cm?) of the sample was wet hand-polished using
emery papers of variable grades starting with a coarse one
and proceeding in steps to the finest (1000) grade. The
sample was then washed thoroughly with double-distilled
water and finally dried by absolute ethanol just before
immersion in the solution. Each experiment was carried out
with freshly polished electrode.

Before polarization and EIS measurements, the working
electrode was introduced into the test solution and left for 20
min at the open circuit potential. The polarization curve
measurements were obtained at scan rate of 20 mV/min
starting from cathodic potential (E.,, -300 mV) going to
anodic direction until 250 mV after the rest potential. All the
measurements were done at 30.0 = 0.1°C in solutions open to
the atmosphere under unstirred conditions. To test the
reliability and reproducibility of the measurements, duplicate
experiments were performed in each case of the same
conditions.

2.2. Solution Preparation

Table 1. Chemical structure of Tween 80, Cetrimide and Sodium Lauryl Sulfate

Surfactant Chemical Formula Molecular Structure
CI>H3 Br
Cetrimide Ci7H3sBrN CHB(CH2)120H2_N+‘CH3
CHs
Q
SOdg‘L:‘I‘faLtZ“ry' CHs(CH,)1:0S0sNa CH3(CHy)1oCHO- ﬁ —ONa
@)
not > Jo—Jou
5
Tween 80 Ce4H124026 0\/\1\(‘)" CHJ(CH:)oCH:ﬁH
o‘f\/()‘bﬁ—cnz(cu,kcuzcn
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The test solutions were prepared from analytical grade
reagents and distilled water. 70% HNO; was purchased from
Aldrich Chemicals Company. Stock solution, of 1 M of
HNO; and 0.02 M of surfactant were used to prepare the test
solution. Prior to each experiment, 1.0 M HNO3 is added to
an appropriate volume of 0.02 M surfactant solution and
double distilled water to obtain a solution of 0.1 M HNO;
and the required concentration of the surfactant. Tween 80,
Cetrimide and Sodium Lauryl Sulphate were obtained from
Alpha Chemica Company. Their molecular structures are
given in Table 1.

3. Results and Discussion

In this study we were aiming to study the effect of
different types of surfactants; neutral surfactant (Tween 80),
anionic surfactant (Sodium Lauryl Sulfate, SLS) and cationic
surfactant (Cetyl trimethyl ammonium bromide, Cetrimide)
on the pitting corrosion of aluminum in 0.1 M HNO;,,
using potentiodynamic polarization and electrochemical
impedance spectroscopy (EIS) techniques. In order to test
this idea, the potentiodynamic polarization curves and the
Nyquist impedance diagrams of aluminum in 0.1 M HCI
were recorded in absence and presence of 0.05 M of each of
the neutral surfactant (Tween 80), cationic surfactant

(Cetrimide) and the anionic one (SLS). Figure 1 shows the
polarization curves of aluminum in 0.1 M HNOj; solution in
absence and presence of 0.05 M Tween 80, Cetrimide or SLS
surfactants.

The polarization curves show Tafel behavior both in
absence and presence of the different types of surfactants. In
both cases, the absence of surfactants and the presence of
both TW 80 and SLS surfactants, the active regions are
followed by a break down potential E,, this behavior has
been previously reported by several authors [46-48] and has
been explained on the basis of pitting corrosion of aluminum
in presence of nitrate anion. In the presence of Cetrimide
surfactant the activation behavior is followed by passivation
region in which the break down potential is not observed
indicative that the presence of Cetrimide decreases the
potential for aluminum to undergo pitting corrosion.

The potentiodynamic polarization parameters for
aluminum in 0.1 M HNO; in absence and presence of
0.05 M of Tween 80, Cetrimide or SLS surfactants and the
protection efficiency, which can be calculated from the
following equation, are presented in table 2.

%P = [(ip. 1) / iy ]x100 (1)
Where, iy represents the corrosion current density of

aluminum in HNO; solution and i represents the corrosion
current density in presence of the surfactant.

Table 2. Potentiodynamic polarization parameters for aluminum in 0.1 M HNO; solution in absence and presence of 0.05 M Tween 80, Cetrimide or SLS

surfactants
Concentration - Ecor icorr Ba pe | %
0
mol/L (mv) (mA.cm?) (mv/decade) | (mv/decade)
0.00 251.83 0.6690 317.57 96.973 | -
0.05 M Anionic 256.30 0.0130 192.45 94.571 98.05
0.05 M Neutral 309.86 0.6039 224.92 108.97 9.73
0.05 M Cationic 578.62 0.0996 100.13 117.53 85.11
=T T
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2
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3
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Figure 1. Potentiodynamic polarization curves for aluminum in 0.1 M HNO; solution in absence and presence of 0.05 M Tween 80, Cetrimide or SLS

surfactants
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Figure 2. Nyquist plots for aluminum in 0.1 M HNOj; solution in absence and presence of 0.05 M Tween 80, Cetrimide or SLS surfactants

Inspection of the data in table 2 indicating that the
corrosion current density and hence the corrosion rate is
decreased to a great extent only in the presence of either the
anionic or the cationic surfactants while, in case of the
neutral surfactant, a very small decrease in corrosion current
density is obtained. Consequently the percentage inhibition
is great in case of the presence of both the anionic and
cationic surfactants and small in case of the neutral
surfactant. This observation results in the conclusion that
both the SLS and Cetrimide can be used as effective
corrosion inhibitors for aluminum in nitric acid taking into
consideration the potential of Cetrimide in controlling the
pitting attack of nitrate ion on the aluminum surface. On the
other hand, poor efficiency of the neutral surfactant Tween
80 towards inhibition of corrosion of aluminum in nitric acid
solution is found.

Figure 2 represents the Nyquist plots for aluminum in 0.1
M HNO; in absence and presence of the different types of
surfactants TW 80, Cetrimide and SLS.

These plots indicate that the impedance response consisted
of only one depressed capacitive semicircle. The
experimental data were analyzed by fitting the data to the
equivalent circuit model given in figure 3 using Zsimpwin
program.

Rs

Ret
Figure 3. Equivalent circuit

This equivalent circuit includes the solution resistance R
shorted by the constant phase element Qg which is placed
parallel to the charge transfer resistance R. The impedance
parameters obtained from analysis and the percentage

inhibition which is calculated by using equation 2 are given
in table 3.

% P. = [(Ret — Rewo) / Re] x 100 2

Where, Ry and R are the charge transfer resistance in
absence and in presence of surfactants respectively.

Table 3. Impedance parameters for aluminum in 0.1 M HNO; solution in
absence and presence of 0.05 M Tween 80, Cetrimide or SLS surfactants
Concentration Rs Q Rer
(mol/L) ohmem?) | @p) | " | ohmemd) | '
0.0 5.70 459 | 0.89 265.1
0.05 M Anionic 7.80 20.5 | 0.86 5045 94.74
0.05 M Neutral 6.72 53.0 | 0.84 272.2 2.60
0.05 M Cationic 5.60 37.6 | 0.88 1183 77.59

The data in table 3 indicate that the charge transfer
resistance is higher to a great extent only in the presence of
both the anionic and the cationic surfactants while in case of
the neutral surfactant it shows very small value and
consequently the percentage inhibition is great in case of the
presence of both the anionic and cationic surfactants and
small in case of the neutral surfactant. This observation
results in the conclusion that both the SLS and Cetrimide can
be used as effective corrosion inhibitors for aluminum in
nitric acid while the neutral surfactant Tween 80 cannot
be used as corrosion inhibitor foe aluminumin nitric acid
solution. The results obtained by the impedance
measurements are in good agreement with that obtained from
the polarization measurements.

3.1. Inhibition of the Dissolution of Aluminum in 0.1 M
HNO; by Sodium Lauryl Sulfate (SLS)

3.1.1. Potentiodynamic Polarization Technique

Figure 4 represents the potentiodynamic polarization
curves for aluminum in 0.1 M HNOj; in absence and presence
of different concentrations of SLS surfactant.
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Figure 4. Potentiodynamic polarization curves for aluminum in 0.1 M HNOj in absence and presence of different concentrations of SLS surfactant

Table 4. Potentiodynamic polarization parameters for aluminum in 0.1 M HNOj in absence and presence of different concentrations of SLS surfactant

Concentration - Ecorr icorr Ba Bc L%
(mol/L) (mv) (mA.cm?) (mv/decade) (mv/decade)

0.0 249.80 0.6370 304.83 92.11 -
1x10° 215.38 0.2742 78.80 92.11 56.95
2x10° 172.54 0.1978 85.90 92.11 68.94
5x 107 189.82 0.1187 282.16 92.11 81.36
1x10? 154.11 0.0966 212.43 92.11 84.83
5x 107 257.31 0.0140 261.52 92.11 97.80

Inspection of the polarization curves showed that the
anodic polarization curves in absence and presence of SLS
exhibit active/passive transition regions, before the
passivation region a break down potential appeared. In the
active region, the dissolution current increases linearly with
the applied potential. This is followed by a break down
potential indicating the pitting corrosion of aluminum
followed by the passive region. It also shows that the
presence of SLS affect only the anodic polarization curves
and has no effect on the cathodic curves this means that SLS
suppress the anodic reaction. Increasing the concentration of
the surfactant has no effect on the pitting corrosion as the
break down potential still appear in presence of different
concentrations of SLS. The potentiodynamic polarization
parameters and the protection efficiency are given in table 4.

It is clear that the presence of SLS has no effect on the 3
and affects B, only; this means that the presence of SLS
affects only the anodic reaction. The corrosion current
density decreased by the presence of SLS and further
decrease by increasing the concentration of SLS. The
protection efficiency increases by increasing the
concentration of SLS reaching a value of 97 % at 0.05 M
concentration. We can conclude that SLS acts as anodic

corrosion inhibitor for aluminum in nitric acid but it cannot
hinder the pitting corrosion of aluminum in nitric acid.

3.1.2. Electrochemical Impedance Spectroscopy

Figure 5 represents Nyquist plots for aluminum in 0.1 M
HNO; in absence and presence of different concentrations of
SLS.

The Nyquist plots showed only one depressed capacitive
semicircle in which its diameter increases with increasing the
concentration of SLS. Analysis of the experimental data was
done by using Zsimpwin program by fitting the data to the
suitable equivalent circuit given in figure 3. The impedance
parameters and the protection efficiency are given in table 5.

The results showed that the charge transfer resistance
increase in presence of the surfactant and further increase
with increasing the concentration of surfactant. The
protection efficiency was found to increase with increasing
the concentration of SLS reaching a value of 94% at
concentration 0.05 M SLS. Also, the value of the capacitance
of the double layer decreases with increasing the
concentration of SLS confirming the adsorption of the
surfactant on the metal surface and its interference in the
electric double layer.
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Figure 5. Nyaquist plots for aluminum in 0.1 M HNOs in absence and presence of different concentrations of SLS
Table 5. Impedance parameters for aluminum in 0.1 M HNOj in absence and presence of different concentrations of SLS
Concentration Rs Q Rer
) N ) 1%
(mol/L) (ohm.cm?) (UF) (ohm.cm?)
0.0 5.70 459 0.89 265.1 -
1x10° 6.58 28.9 0.89 708.7 62.64
2x10° 6.33 25.2 0.93 796.8 66.72
5x10° 8.07 19.1 0.79 2195 87.92
1x10? 6.97 16.9 0.91 3699 92.83
5x 107 7.80 10.5 0.86 5045 94.74

3.2. Inhibition of Dissolution of Aluminum in 0.1 M
HNO; by Cetrimide

3.2.1. Potentiodynamic Polarization Technique

Figure 6 represents the potentiodynamic polarization
curves for aluminum in 0.1 M HNO; in absence and presence
of different concentrations of Cetrimide surfactant.
Inspection of the figure shows that the presence of the
cationic surfactant Cetrimide affect the equilibrium potential
by shifting it to more negative potential. In the mean time,
the presence of Cetrimide affects greatly the anodic
polarization curves.

This is clear by the disappearance of the break down
potential which is clear in the absence of Cetrimide. This
means that Cetrimide not only act as corrosion inhibitor
for aluminum in nitric acid but also decreases the potential
of pitting corrosion of the metal. The potentiodynamic
polarization parameters and the protection efficiency are
given in table 6.

It is clear that the presence of Cetrimide has no effect on
the B and affects only B, This means that Cetrimide affects
the anodic reaction only. Also, the presence of Cetrimide
decreases the corrosion current density and the corrosion
current density decrease by increasing the concentration of
Cetrimide. The protection efficiency increases by increasing

the concentration of Cetrimide reaching a value of 97% at
0.05 M concentration. We can conclude that Cetrimide acts
as anodic corrosion inhibitor for aluminum in nitric acid with
the advantage that it can hinder the pitting corrosion of
aluminum in nitric acid.

3.2.2. Electrochemical Impedance Spectroscopy Technique

Figure 7 represents Nyquist plots for aluminum in 0.1 M
HNO; in absence and presence of different concentrations of
Cetrimide.

The Nyquist plots showed only one depressed capacitive
semicircle in which its diameter increases with increasing the
concentration of Cetrimide. Analysis of the experimental
data was done by using Zsimpwin program by fitting the data
to the suitable equivalent circuit given in figure 3. The
impedance parameters and the protection efficiency are
given in table 7.

The results showed that the charge transfer resistance
increases in presence of the surfactant and further increase
with increasing the concentration of surfactant. The
protection efficiency was found to increase with increasing
the concentration of Cetrimide. Also, it was found that the
value of the capacitance of double layer decreases with
increasing the concentration of Cetrimide confirming the
adsorption of the surfactant on the metal surface and its
interference in the electric double layer.
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Figure 6. Potentiodynamic polarization curves for aluminum in 0.1 M HNOs in absence and presence of different concentrations of Cetrimide

Table 6. Potentiodynamic polarization parameters for aluminum in 0.1 M HNOj; in absence and presence of different concentrations of Cetrimide

Concentration - Ecorr icorr Bc Ba | %
(mol/L) (mv) (mA.cm™?) (mv/decade) (mv/decade) 0
0.0 253.86 0.6109 257.42 92.11 -
5.0x10% 401.83 0.5338 95.974 92.11 12.62
6.0x 10° 449.44 0.4653 476.88 92.11 23.83
75x10° 447.58 0.3289 286.94 92.11 46.16
1.0x 10* 454.80 0.2589 198.21 92.11 57.61
5.0 x 10™ 512.10 0.1437 193.11 92.11 76.47
1.0x10% 519.25 0.0618 140.11 92.11 89.88
5.0x 102 583.70 0.0159 118.76 92.11 97.39
500 T T T T
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Figure 7. Nyaquist plots for aluminum in 0.1 M HNOj in absence and presence of different concentrations of Cetrimide
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Table 7. Impedance parameters for aluminum in 0.1 M HNOj in absence and presence of different concentrations of Cetrimide
Concentration Rs Q N Rer vy
(1]
(mol/L) (ohm.cm?) (uF) (ohm.cm?)

0.0 5.70 45.9 0.89 265.1 -
50x10° 6.13 20.6 0.94 375.3 29.36
6.0x10° 6.28 6.7 0.94 486.8 45.54
75x10° 5.98 141 0.96 595.6 55.49
1.0x10* 6.01 13.2 0.93 606.1 56.26
5.0x 10" 5.83 12.4 0.91 655.4 59.55
1.0x10° 5.84 11.2 0.91 960.0 72.38
5.0x10? 5.60 10.1 0.88 1183.0 77.59
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Figure 8. Variation of the percentage inhibition of the corrosion of aluminum in 0.1 M HNO3 with concentrations of SLS and Cetrimide

Figure 9. Application of the Kinetic-Thermodynamic model to the results of adsorption of SLS and Cetrimide on steel surface in 0.1 M HNO3
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3.3. Mechanism of Adsorption of Surfactants

It is known that surfactants have a tendency to associate
at interfaces and in solution to form aggregates [49].
Adsorption of the surfactant molecules on to metal surface,
which is the primary action of the surfactant functional group,
was found to be responsible for the corrosion inhibition of
the metal and is related to its capability to aggregate to form
micelles [50-55]. The variation of the percentage inhibition,
which was calculated from the polarization measurements,
with different concentrations of both SLS and Cetrimide
surfactants is plotted in figure 8.

The curve was characterized by steeply rising part initially
with increasing the concentration followed by levelling off at
high concentrations indicating the saturation of the surface of
substrate with surfactant molecules. In order to identify the
nature of the adsorption and calculating the free energy
change of adsorption AGys, the experimental data was fitted
to the Kinetic-Thermodynamic model which is given by the
following equation [56]:

Log[06/(1-6)]=log K'+ylog C 3)

Where, K is the binding constant which represent the
extent of interaction between the surfactant and the
aluminum substrate, C is the concentration of surfactant in
mol/L and 6 is the degree of surface coverage by the
surfactant molecules.

It is clear from the graph that the data fit the
Kinetic-Thermodynamic model. The values of K which is
the slope of the relation and the values of the free energy
change of adsorption AG%g which is calculated from the
following relation [57], is given in table 8.

K = 1/Csoent EXP ('AGoads/RT) (4)

Where, R is the universal gas constant, T is the absolute

temperature; Csonene 1S the molar concentration of solvent
which is in this case water and equal to 55.5 mol/L.

Table 8. The values of the binding constant K and the free energy change

of adsorption AG%g for the adsorption of SLS and Cetrimide on aluminum
surface in 0.1 M HNO;

Surfactant K AG%s (kd/mol)
SLS 1.97x10* -35.02
Cetrimide 1.71x10* -34.67

It is reported that values of AG%gs approximately -20
kJ/mol or lower are consistent with an electronic interaction
between the inhibitor molecule and the metal surface
(physisorption). Values higher than - 40 kJ/mol are involved
in charge sharing or charge transfer from the inhibitor
molecules to the metal surface to form a coordinate bond
(chemisorption) [58-60]. The large values of K obtained in
both cases indicate strong interaction between the surfactants
and the aluminum surface. The negative values of AG%qs
obtained in both cases indicative that the adsorption of both
SLS and Cetrimide on the aluminum surface is spontaneous
process. Moreover, the higher values of AG%g in presence
of both SLS and Cetrimide indicate that the adsorption of
both surfactants is comprehensive process (physical and

chemical).

Adsorption of surfactants on the metal surface can change
their interfacial properties such as hydrophobicity, surface
charge and corrosion inhibition [61]. Generally, adsorption
of the surfactant on the metal surface is controlled by
covalent bonding, electrostatic interaction, hydrogen
bonding, non-polar interaction between the adsorbed species,
lateral association interaction, solvation and de-solvation
[62]. The overall adsorption process is a mixture of all these
forces [63].

It is reported that [64] the adsorption of ionic surfactants
on oppositely charged metal surface can be explained by
considering the mechanism of adsorption as follow, at
low surfactant concentrations, the adsorption occur by
electrostatic interaction between the charged ionic surfactant
and the oppositely charged solid surface, after then, the
surfactant molecules starts to aggregates on the metal surface
due to lateral interactions between the hydrophobic chains
which enhances the electrostatic interaction between the
charged surfactant and the metal surface, when the solid
surface is electrically neutralized by the adsorbed surfactant
molecules, the electrostatic forces is no longer play the
important role and adsorption takes place because of the
lateral interaction only, when the concentration of surfactant
reaches the critical micelle concentration, the surfactant
activity becomes constant and any increase in concentration
leads only to micellization in solution. In the last two steps
the surfactant molecules adsorb with a reverse orientation in
which the head ionic groups faced the solution resulting in a
decrease in the hydrophobicity of the particles in this region.

The adsorption of surfactants at the solid—liquid interface
is affected by a number of factors such as: i) the nature and
the surface charge of the metal (whether it contains highly
charged sites or essentially nonpolar groupings); ii) the
chemical structure of the surfactant (whether it is ionic or
nonionic, the hydrophobic group is long or short, aliphatic or
aromatic, straight chain or branched); iii) the nature of the
electrolyte (its pH, content of the electrolyte, presence of any
additives such and its temperature) [65]. There are a number
of mechanisms by which surfactants molecules may adsorb
onto metal surface from aqueous solution [66-75].

In case of the adsorption of SLS on the metal surface, the
mechanism of adsorption can be explained by considering
the ion pairing which involves the negative (hydrophilic
parts) ions of surfactant adsorption from solution onto
oppositely charged sites (positive charge) on the metal
surface unoccupied by counter ions resulting in strong
interaction between the metal and the surfactant anions.

In case of the adsorption of the cationic surfactant
Cetrimide, The counter ion which is bromide ion plays the
important role in the adsorption process of surfactant on the
metal surface. The driving force for the adsorption of organic
cations onto the aluminum surface is the presence of bromide
ion which forms an intermediate bridge between the metal
surface and the cationic surfactant molecules, the negative
ends of the bromide-aluminum dipoles oriented towards the
solution setting up an additional potential difference between
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the steel surface and the bulk solution. This will shift the
potential of zero charge positively making the charge on the
aluminum surface negative and enhances the adsorption of
the positively charged surfactant molecules by formation of
ionic bonds. The high hardness of bromide ions and cationic
surfactant increase the tendency of electrostatic adsorption
which in turn increase the inhibition efficiency [76, 77].

It was reported that Cetrimide has positive effect on the
inhibition of the pitting corrosion of aluminum in aqueous
solutions containing chloride ions. On the other hand, SLS
has negative effect and acts as accelerator for the pitting
corrosion of aluminum in aqueous solutions containing
chloride ions [78].

4. Conclusions

* Both Cetrimide and SLS act as anodic corrosion
inhibitors for aluminum in aqueous solutions
containing nitrate ion.

» Cetrimide decreases the potential of aluminum to
pitting corrosion in nitric acid while SLS couldn't
hinder the pitting corrosion of aluminum in nitric acid.

* Tween 80 has very low efficiency toward decreasing
the corrosion of aluminum in nitric acid solution.

* The adsorption of surfactants onto the aluminum
surface is physical in nature.

» SLS and Cetrimide can solve the problems arises in the
water treatment systems that caused by corrosion.
Cetrimide can be used during the acid pickling process
in presence of nitric acid to prevent the pittig attack that
may occur.

REFERENCES

[1] K.F. Khaled and M.M. Al-Qahtani, Materials Chem. Phys.,
113, 150 (2009).

[2] S. Safak, B. Duran, A. Yurrt and G. Turkoglu, Corros. Sci.,
54, 251 (2012).

[3] AS. Fouda, AA. Al-Sarawy, F.S. Ahmed and H.M.
El-Abbasy, Corros. Sci., 51, 485 (2009).

[4] A.M. Abdel-Gaber, B.A. Abd-El-Nabey, I.M. Sidahmed,
A.M. El-Zayady and M. Saadawy, Materials Chem. Phys., 98,
291(2006).

[5] D.ChuandF.S. Robert, Electrochim. Acta, 36m 1631 (1991).

[6] M. Pourbaix, 'Atlas of Electrochemical Equilibria in Aqueous
Solutions' Pergamon Press, New York, (1966).

[7] M. Metikos-Hukovic, R. Babic and Z. Grubac, J. Appl.
Electrochem., 32, 35 (2002).

[8] A.Y. Musa, A.A.-H. Kadhum, A.B. Mohamad, M.S. Tak riff
and E. P. Chee, Current Applied Phys., 12, 325 (2012).

[9] S.A.Umoren, I.B. Obotand I.0. Igwe, Corros. J., 2, 1 (2009).

[10] D.Merceir and M.G. Barthes-Labrousse, Corros. Sci., 51, 339
(2009).

AK. Maayta and N.A.F. Al-Rawashdeh, Corros. Sci., 46,
1129 (2004).

[11]

[12]
[13]

C.M.A. Brett, Corros. Sci., 33, 203 (1992).

R. Grilli, M.A. Baker, J.E. Castle, B. Dunn and J.F. Watts,
Corros. Sci., 52, 2855 (2010).

[14] V. Moutarlier, M.P. Gigandet, B. Normand and J. Pagetti,
Corros. Sci., 47, 937 (2005).

[15] 1.B. Obot and N.O. Obi-Egbedi, Int. J. Electrochem. Sci., 4,
1277 (2009).
[16] H. Ashassi-Sorkhabi, B. Shabani, B. Aligholipour and D.

Seifzadeh, Appl. Surf. Sci., 252, 4039 (2006).
[17] M. Abdallah, Corros. Sci., 46, 1981 (2004).
[18]

[19]

A.Yurt, S. Ulutas and H. Dal, Appl. Surf. Sci., 253, 19 (2006).

M.N. Dessai, M.B. Dessai, C.B. Shah and S.M. Dessali,
Corros. Sci., 26, 827 (1986).

[20]
[21]

S.A. Abd EI-Maksoud, Corros. Sci., 44, 803 (2002).

M. Ajmal, A.S. Mideen and M. A. Quraishi, Corros. Sci., 36,
79 (1994).

M.A. Amin, S.S. Abd El Rehim and A.S. El-Lithy, Corros.
Sci., 52, 3099 (2010).

[22]

[23] P.L. Cabot, F.A. Centellas, E. Perez and R. Loukili,

Electrochim. Acta, 38, 2741 (1993).

[24] F.M. Al-Kharafi and W.A. Badawy, Corrosion, 54, 377

(1998).
[25] J.D. Kim and S.1.. Pyun, Electrochim. Acta, 40, 1863 (1995).
[26]

[27]

E. McCafferty, J. Electrochem. Soc., 137, 3731 (1990).

S.S. Abdel Rehim, H.H. Hassan and M.A. Amin, Corros. Sci.,
46, 1921 (2004).

(28]
[29]

M.A. Amin, Electrochim Acta, 54, 1857 (2009).

MM.A. Amin, H.H. Hassan, O.A. Hazzazi and M.M. Qhatani,
J. Appl. Electrochem., 38, 1589 (2008).

[30] M.A. Amin, S.S. Abd El Rehim, S.O. Moussa and A.S.
Ellithy, Electrochim. Acta, 53, 5644 (2008).

[31] M.A. Amin, S.S. Abd El Rehim and E.E.F. EIl-Sherbini,

Electrochim. Acta, 51, 4754 (2006).

[32] M.A. Amin, S.S. Abd El Rehim, E.F.E. El-Sherbini, S.R.
Mahmoud and M.N. Abbas, Electrochim. Acta, 54, 4288

(2009).

B. Ridd, T.J. Blakset and D. Queen, Corrosion, NACE,
conference (1998) Paper No.78.

[33]

[34] J.M. Bastidas, J.L. Polo and E. Cano, J. Appl. Elec trochem.,

30, 1173 (2000).

[35] M. El-Achouri, M.R. Infante, F. Izquierdo, S. Kertit, H.M.
Gouttoya and B. Nciri, Corros. Sci., 43, 19 (2001).

[36] D. Chebabe, Z.A. Chikh, N. Hajjaji, A. Srhiri and F. Zucchi,



22

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]
[56]

[57]

O. A. Abdullatef and W. A. EI-Mahmoudy: Pitting Corrosion of Aluminum in Aqueous Solution
with Low pH Containing Nitrate lon and Its Inhibition Using Different Surfactants

Corros. Sci., 45, 309 (2003).

H.A. Sorkhabi, N.G. Jeddi, F. Hashemzadeh and H. Jahani,
Electrochim. Acta, 51, 3848 (2006).

A.A. Abdel Fattah, A.M. Attiy, A.l. Ali and A.Y. El-Etre, J.
Basic Environ. Sci., 1, 24 (2014).

G. Banerjee and S.N. Malhorta, Corrosion 48, 10 (1992).

X.H. Li, S.D. Deng, H. Fu and G.N. Mu, Mater. Corrosion
60(12), 969 (2009).

N.E. Hamner, Corrosion Inhibitors, P. 1, Nathan C.C.(Ed.),
NACE Houston, Texas, USA, (1971).

B. A. Abd-EI-Naby, O. A. Abdullatef, E. Khamis and W. A.
El-Mahmaody, Int. J. Electrochem. Sci., 11, 1271 (2016).

X. Li, S. Deng and H. Fu, Corrosion Science, 53, 1529
(2011).

M. M. El-Deeb and S. M. Mohamed, Journal of Applied
Polymer Science, 122, 3030 (2011).

R. Mehdaoui, A. Khelifa and O. Aaboubi, Res. Chem.
Intermed, 41, 705 (2015).

N. Khalil, F. Mahgoub and B.A. Abd-El-Nabey, Corros. Eng.
Sci. Tech. 38, 205 (2003).

P.N.S. Yadav, K. Singh and R. Wadhwani, Corrosion. 55,
937 (1999).

B.A. Abd-El-Naby, O.A. Abdullatef, H.M. El-Kshlan, E.
Khamis and M.A. Abd-El-Fatah, Portugaliae Electrochimica
Acta 33, 265 (2015).

O.A. Abdullatef, Advances in Analytical Chemistry, 7(2), 23
(2017).

M.L. Free, Corros. Sci. 44, 2865 (2002).

M.M. Osman, A.M.A. Omar, A.M. Al-Sabagh, Mater. Chem.
Phys, 50, 271 (1997).

D. Asefi, N.M. Mahmoodi and M. Arami, Colloids Surf. A,
355, 183 (2010).

L.G. Qiu, AJ. Xie and Y.H. Shen, Applied Surface Science,
246, 1 (2005).

M. EI Achouri, M.S. Haji and S. Kertit, Corros. Sci. 37, 381
(1995).

W. L. Wang and M. L. Free, Corros. Sci, 46, 2601 (2004).

A. El-Awady, B.A. Abd El-Nabey and G. Aziz, Electochem.
Soc., 139, 2149 (1992).

O. A. Abdullatef, Egyptian Journal of Petroleum, 24, 505
(2015).

[58]

[59]
[60]

[61]

[62]

[63]
[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]

[72]
[73]

[74]

[75]

[76]

[77]

(78]

E. Khamis, F. Belluci, R.M. Latanision and E.S.H. El-Ashry,
Corrosion 47, 677 (1991).

A K. Singh and M.A. Quraishi, Corros. Sci., 52, 1373 (2010).

B. A. Abd-El-Naby, A. A. EI-Awady and S. G. Aziz, Corros.
Prev. Control., 38, 68 (1991).

P. Somasundaran, R. Grieves, Advances in interfacial
phenomena of particulate /solution/gas systems. AIChE
Symposium Series, 1975; 71 AIChE Symp. Ser. 71, 124
(1975).

D. Fuerstenau, The adsorption of surfactants at solid/water
interfaces. In: Hair ML, The chemistry of bio surfactants, P
143. New York: Marcel Dekker; (1971).

R. Zhang and P. Somasundaran, Advances in Colloid and
Interface Science, 215, 123 (2006).

L. Kopal, E. Lee and M. Bohmer, J. Colloid Interface Sci.,
170(1995)85-97.

M. J. Rosen “Surfactants and Interfacial Phenomena” (3rd
edition) chapter 2, New York: John Wiley & Sons (2004).

Law, J. P., Jr. and G. W. Kunze, Soil Sci. Soc. Am. Proc., 30,
321 (1966).

Rupprecht, H. and H. Liebl, Kolloid Z. Z. Polym. 250, 19
(1972).

T. Wakamatsu and D.W. Fuerstenau, in Adsorption from
Aqueous Solution, ed. by W. J. Weber, Jr. and E. Mati jevic,
American Chemical Society, P 161, Washington, DC (1968).

F.M. Fowkes, J. Adhesion Sci. Tech. 1, 7 (1987).

L.R. Snyder, J. Phys. Chem. 72, 489 (1968).

H. Kolbel and K. Horig, Angew Chem. 71, 691 (1959).
H. Kolbel and P. Kuhn, Angew Chem. 71, 211 (1959).

S.G. Dick, D. W. Fuerstenau and T. W. Healy, J. Colloid
Interface Sci., 37, 595 (1971).

C.H. Giles, A. P. D’Silva, I and A. Easton, J. Colloid
Interface Sci., 47, 766 (1974).

Y. Gao, J. Duand T. Gu, J. Chem. Soc., Faraday Trans. I, 83,
2671 (1987).

A.S. Fouda, Y.A. Elewady and H.K. Abd-El-Aziz, J. Chem.
Sci. Tech., 1, 45 (2012).

V. Branzoi, F. Branzoi and M. Biabarac, Mater. Chem. Phys.,
65, 294 (2002).

B.A. Abd EI-Nabey, O.A. Abdullatef, W.A. EI-Mahmoudy,
Physical Chemistry, 7(1), 1 (2017).



