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Abstract Polarization measurements were employed, as

a first step towards studying the corrosion behaviour of Al

and two Al–Cu alloys, namely Al–4.5%Cu, and Al–

7.5%Cu alloys in deaerated stirred 1.0 M H3PO4 solution

at 25 �C. Inhibition of Al and Al–Cu alloys corrosion in

1.0 M H3PO4 solution, using sodium oleate (SO) as an

anionic surfactant inhibitor, was also studied. Polarization

curves showed that SO acted as a mixed-type inhibitor to

Al corrosion, while it acted mainly as a cathodic inhibitor

to the acid corrosion of Al–4.5%Cu, and Al–7.5%Cu

alloys. Inhibition is accomplished by inhibitor adsorption

on the electrode surface without detectable changes in the

chemistry of corrosion. The relationship between surfactant

concentration, surfactant critical micellar concentration

(CMC), and corrosion inhibition is also discussed based on

the Langmuir isotherm assumption, commonly applied in

corrosion inhibition evaluations. The protection efficiency

increases with increase in surfactant concentration and

%Cu in Al samples. Maximum protection efficiency of the

surfactant is observed at concentrations around its CMC.

The mechanism of adsorption is discussed based on the

surface charge of the electrode surface.

Keywords Al � Al–Cu alloys � Corrosion inhibition �
Sodium oleate � Phosphoric acid � Polarization

1 Introduction

Al and its alloys are preferred as materials of construction,

because of the light weight of the metal coupled with its

strength, good electrical and heat conductivity, and good

corrosion resistance. The strength of Al is very much

improved when Al is alloyed with Cu. Compared with pure

Al, Al–Cu alloys have a lower corrosion resistance [1, 2].

The high corrosion resistance of Al and its alloys is

attributed to the formation of a highly protective barrier

oxide film which separates the bare metal from the corro-

sive environment. This passive film on Al and its alloys can

be formed directly in humid air or at exposure to an

aqueous electrolyte solution. In more acidic or alkaline

solutions oxides are rapidly dissolved and general attack

results.

Solutions of phosphoric acid are frequently employed

for cleaning of Al [3, 4] and in commercial pre-plating

anodic oxidation and electro-polishing of Al [5]. In most

cases of Al corrosion an additive must be added to the

environment in order to modify or hinder corrosion. The

protection of Al and its oxide films from corrosion has been

studied by many investigators using either inorganic oxi-

dants including chromate [6–9], molybdate [10–12] and

tungstate [6, 9], organic compounds having polar groups,

such as oxygen, sulphur, and nitrogen [12–17], and het-

erocyclic compounds containing functional groups and

conjugated double bonds [17–20] as inhibitors.

Although surfactants have been widely used, only a few

studies have focused on the application of surfactants for

corrosion prevention of Al and its alloys [21–23]. In our

previous study [24–26], anionic, cationic and non-ionic

surfactants were successfully used as corrosion inhibitors

for the corrosion of pure Al and some of its alloys in HCl

solutions. The main objective here is to investigate the
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ability of sodium oleate (SO) as an anionic surfactant to

inhibit the corrosion of Al and two Al–Cu alloys in

deaerated stirred 1.0 M H3PO4 solution under the influence

of various experimental conditions using potentiodynamic

polarization measurements. It was also the purpose of the

present work to apply the Langmuir isotherm assumption

to gain more information about the inhibitive effect of the

surfactant.

2 Experimental

The working electrodes were made from pure Al (% purity

of 99.99) and two Al–Cu alloys, namely Al–4.5%Cu and

Al–7.5%Cu alloys. These materials were in the form of

sheets, 0.10 cm thick, for surface analysis, and cylindrical

rods of base diameter 0.50 cm for electrochemical mea-

surements. Table 1 presents the mass spectroscopic

analysis of the two Al–Cu alloys. For electrochemical

measurements the cylindrical rods were welded to a Cu-

wire for electrical connection and mounted into glass tubes

of appropriate diameter using Araldite to offer an active flat

disc shaped surface of about 0.20 cm2 geometric area to

contact the test solution. These rods were first briefly

ground with no. 600 emery paper, subsequently polished

with no. 2000 emery paper, washed with deionized water,

degreased with absolute ethanol, dried, and then rapidly

rinsed with deionized water, followed by immediate rinsing

with absolute ethanol.

A conventional electrochemical cell of capacity 100 mL

was used containing three compartments for working,

platinum spiral counter and reference electrodes. The ref-

erence was a saturated calomel electrode used directly in

contact with the working solution. The measurements were

carried out in deaerated stirred 1.0 M H3PO4 solutions

without and with various concentrations (10-5–

2 9 10-3 M) of sodium oleate (SO), as an anionic sur-

factant inhibitor, at 25 �C. All solutions were freshly

prepared from analytical grade chemical reagents using

doubly distilled water and were used without further

purification. For each run a freshly prepared solution as

well as a cleaned set of electrodes was used. Each run was

carried out in deaerated stirred solutions at the required

temperature (±1 �C), using a water thermostat. Electro-

chemical measurements were performed using a

potentiostat/galvanostat (EG&G model 273) and lock-in

amplifier (model 5210) connected with a personal com-

puter. Various electrochemical parameters were

simultaneously determined using M352 corrosion software

from EG&G Princeton Applied Research. The potentio-

dynamic current–potential curves were carried out at a scan

rate of 0.10 mV s-1 starting from -1.50 V up to 1.0 V

(SCE). Before each polarization experiment the open cir-

cuit potential of the working electrode was measured as a

function of time during 24 h, the time necessary to reach a

quasi-stationary value for the open circuit potential.

3 Results and discussion

3.1 Potentiodynamic polarization measurements

In Fig. 1, the polarization curves recorded for Al, Al–

4.5%Cu and Al–7.5%Cu alloys in deaerated stirred 1.0 M

H3PO4 solution, are shown. The effect of SO concentration

(10-5–2 9 10-3 M), the same concentration range as used

in a previous study [27], on the potentiodynamic anodic

and cathodic polarization curves of the three Al samples in

1.0 M H3PO4 solution was studied at a scan rate of

0.10 mV s-1 at 25 �C. Some results are depicted in Fig. 2.

Tables 2, 3, 4 present the electrochemical parameters

(Ecorr, jcorr, bc, and RP) associated with polarization mea-

surements at different SO concentrations for the three

samples. Protection efficiency (%P) values were also cal-

culated for the three samples and are included in Tables 2,

3, 4, using Eq. 1:

%P ¼ 100� jocorr � jcorrð Þi
�

jo
corr

� �� �
ð1Þ

where j�corr

� �
and (jcorr)i are the corrosion current densities

without and with inhibitor. Accurate evaluation of

Table 1 Mass spectroscopic analysis of the two Al–Cu alloys

Alloy Al Cu Mn Si Mg Zn Sn Cr Ti

Al–4.5%Cu 95.212 4.5 0.02 0.03 0.20 0.022 0.005 0.001 0.01

Al–7.5%Cu 92.212 7.5 0.02 0.03 0.20 0.022 0.005 0.001 0.01
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Fig. 1 Polarization curves recorded for Al, Al–4.5%Cu and Al–

7.5%Cu alloys in deaerated stirred 1.0 M H3PO4 solution at a scan

rate of 0.10 mV s-1 at 25 �C
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corrosion rate (i.e., corrosion current density, jcorr) from the

anodic branches, and therefore the anodic Tafel slope (ba),

is impossible, simply because the experimental anodic

polarization curves presented in Figs. 1 and 2 do not

exhibit linear Tafel regions. This is because the absence of

linearity in the anodic branches prevents linear

extrapolation to the corrosion potential, Ecorr. This was

the reason why values of ba, calculated from the software,

were not introduced in Tables 2, 3, 4. However, the

cathodic branch, as will be discussed later, is under

activation control and exhibits linearity in accord with

Tafel relationship. The corrosion rate, and therefore the

cathodic Tafel slope (bc) may be estimated accurately by

extrapolating the cathodic linear region back to Ecorr. It is

obvious from Figs. 1 and 2 that no-active passive transition

was observed and the current seems to be constant at high

anodic potentials. Based on data of Tables 2, 3, 4, in SO

free-H3PO4 solutions, the corrosion current densities, jcorr,

of Al, Al–4.5%Cu and Al–7.5%Cu alloys were estimated

to be 5.0 9 10-2, 7.5 9 10-2 and 17.8 9 10-2 mA cm-2,

respectively. Similar results were previously obtained

during corrosion of Al, Al–6061 and Al–4.8%Cu alloys

in borate and chloride solutions of different pH after long

immersion times [28]. These results indicate that Al–Cu

alloys, under these conditions, are less corrosion resistant

than pure Al, and the corrosion resistance decreases with

increase in %Cu in the Al samples. It seems therefore that

alloying Al with Cu, decreases the corrosion resistance

after prolonged immersion in H3PO4 solutions to an extent

depending on the Cu percentage in Al [29]. This is also

reflected in the polarization curve (Fig. 1) in which the

passive current, jpass, is enhanced upon alloying Al with

Cu. This behaviour, as previously reported by Badawy

et al. [28], can be attributed to the effect of the alloying

element. Based on XPS and SEM examinations of the

electrode surface, Badawy and Al-Kharafi [28]

demonstrated that the presence of Cu on the Al–Cu

surface is responsible for the higher rates of corrosion

recorded for Al–Cu alloys. Alloyed Cu, as previously

reported [28], initiates cathodic areas on the alloy surface

(or flawed regions in the barrier film) which leads to the

observed decrease in the corrosion resistance of the alloy

after long immersion in the test solution (here the

immersion time is 24 h; see details in the experimental

part).

Figure 2 shows, for all cases, that the addition of SO

enhances both anodic and cathodic overpotentials. These

results indicate that the presence of SO inhibits both anodic

and cathodic processes. However, upon alloying Al with

Cu (Figs. 2b, c), the cathodic overvoltage is much greater

than the anodic one. In this case the rate of cathodic

reaction controls the rate of corrosion. At the same time,

the corrosion potential (Ecorr) values, in all cases, are dis-

placed negatively. This negative shift in Ecorr depends on
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Fig. 2 Effect of SO concentration on polarization curves of (a) Al,

(b) Al–4.5%Cu alloy, and (c) Al–7.5%Cu alloy in deaerated stirred

1.0 M H3PO4 solution at a scan rate of 0.10 mV s-1 at 25 �C. (1)

blank; (2) 8 9 10-5 M SO; (3) 25 9 10-5 M SO; (4) 75 9 10-5 M

SO; (5) 125 9 10-5 M SO; (6) 150 9 10-5 M SO; (7)

175 9 10-5 M SO; (8) 200 9 10-5 M SO

b
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sample composition. It enhances with increase in percent-

age alloyed Cu (see Figs. 2a–c, as well as values of Ecorr

presented in Tables 2, 3, 4). This means that the cathodic

process is highly suppressed by the surfactant addition

upon alloying Al with Cu. Thus SO behaves as a mixed-

type inhibitor to Al corrosion, while it acts mainly as a

cathodic inhibitor to the corrosion of the two tested Al–Cu

alloys, by retarding hydrogen evolution on cathodic sites

(alloyed Cu-atoms) of the electrode surface.

The cathodic inhibitive action of SO may be interpreted

on the basis that the potential at the cathodic sites (Cu-

atoms) is more positive than that at the anodic sites (Al-

atoms) and therefore the electrostatic adsorption of the

anionic surfactant, as will be discussed later, is more likely

at the cathodic sites. In other words, preferential adsorption

of the anionic surfactant occurs on the cathodic sites,

namely Cu-atoms, resulting in a marked increase in the

cathodic overpotential.

The shapes of the polarization plots for inhibited elec-

trodes are not substantially different from those of

uninhibited electrodes. The presence of surfactant decrea-

ses the corrosion rate but does not change other aspects of

the behaviour. This means that the inhibitor does not alter

the electrochemical reactions responsible for corrosion. In

all cases it is observed that the hydrogen evolution reaction

is activation controlled since the cathodic portions rise to

Tafel lines. It is clear that the mechanism of proton

reduction is not modified upon surfactant addition. This is

clearly seen from the low variation in the cathodic Tafel

slope (bc), Tables 2, 3, 4.

Table 2 The electrochemical

parameters (jcorr., Ecorr., bc and

Rp) associated with polarization

measurements of Al in

deaerated stirred 1.0 M H3PO4

solution in the absence and

presence of different

concentrations of SO at 25 �C

Cinhib. 9 105/M (jcorr 9 102)/

mA cm-2
Ecorr/V(SCE) bc/V dec.-1 (Rp 9 10-2)/

X cm2
%P

Blank 5.00 -0.897 -0.154 4.95 –

1 4.70 -0.902 -0.153 5.27 6.00

2 4.40 -0.908 -0.152 5.62 12.00

5 3.84 -0.911 -0.153 6.44 23.20

8 3.15 -0.914 -0.154 7.86 37.00

10 2.90 -0.920 -0.156 8.53 42.00

25 1.11 -0.928 -0.157 22.20 77.80

50 0.91 -0.932 -0.156 27.29 81.80

75 0.75 -0.937 -0.155 33.22 85.00

100 0.64 -0.942 -0.155 38.61 87.20

125 0.61 -0.948 -0.153 40.84 87.80

150 (CMC) 0.60 -0.961 -0.152 41.63 88.00

175 0.58 -0.975 -0.153 42.38 88.40

200 0.56 -0.988 -0.154 43.92 88.80

Table 3 The electrochemical

parameters (jcorr., Ecorr., bc and

Rp) associated with polarization

measurements of Al–4.5%Cu

alloy in deaerated stirred 1.0 M

H3PO4 solution in the absence

and presence of different

concentrations of SO at 25 �C

Cinhib. 9 105/M (jcorr 9 102)/

mA cm-2
Ecorr/V(SCE) bc/V dec.-1 (Rp 9 10-2)/

X cm2
%P

Blank 7.50 -0.882 -0153 3.70 –

1 7.00 -0.888 -0.152 3.96 6.67

2 6.53 -0.895 -0.151 4.25 12.93

5 5.63 -0.900 -0.152 4.93 24.93

8 4.50 -0.904 -0.153 6.17 40.00

10 4.10 -0.920 -0.155 6.77 45.33

25 1.20 -0.927 -0.154 23.13 84.00

50 0.86 -0.935 -0.153 32.17 88.53

75 0.60 -0.946 -0.152 46.25 92.00

100 0.43 -0.955 -0.154 64.35 94.27

125 0.38 -0.960 -0.151 74.00 94.93

150 (CMC) 0.35 -0.980 -0.153 77.89 95.33

175 0.34 -0.999 -0.152 81.86 95.47

200 0.33 -1.021 -0.152 90.69 95.60
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The absence of significant changes in the cathodic Tafel

slope in the presence of inhibitor indicates that the

hydrogen evolution is slowed by the surface blocking

effect of the inhibitor. The inhibitive action of SO, there-

fore may be related to adsorption and formation of a barrier

film on the electrode surface. EDX examinations of the

surface for the three Al samples under various experi-

mental conditions confirmed the existence of an adsorbed

film of inhibitor. EDX examinations, together with

impedance studies, will be included in further work.

Tables 2, 3, 4 show that the values of (%P) for the three

samples, at a given inhibitor concentration, decrease in the

order: (Al–7.5%Cu) [ (Al–4.5%Cu) [ Al. This trend may

be explained on the basis that as the Cu content is

increased, Cu atoms will appear with greater frequency at

the alloy surface due to preferential dissolution of Al, and

therefore the number of cathodic sites increases. Since the

adsorption of the anionic surfactant is more likely at the

cathodic sites (Cu-atoms), as previously mentioned, more

anionic surfactant molecules are adsorbed on these sites.

This means that the large number of cathodic sites, con-

stituted by alloyed Cu-atoms, require a high concentration

of SO to be blocked. This condition allows suppression of

the hydrogen evolution reaction, corresponding to a

marked decrease in the corrosion rate. Consequently, in

SO-H3PO4 containing solutions, the corrosion rate of Al

decreases when alloyed with Cu at concentrations of

inhibitor close to its CMC (Tables 2, 3, 4).

Thus alloyed Cu-atoms tend to become preferential

cathodic sites for the electrostatic adsorption of the anionic

surfactant. However, this point is not fully clear, and more

research is needed to clarify the role played by alloyed Cu-

atoms in enhancing electrostatic surfactant adsorption. In

all cases, the corrosion current density, jcorr, decreases with

increase in SO concentration. Higher inhibition efficiencies

are observed when the concentration of the surfactant

reaches values close to its CMC, 1.5 9 10-3 M [30].

The critical micellar concentration (CMC) is a key

indicator in determining the effectiveness of surfactants as

corrosion inhibitors [31, 32]. Above the CMC, increasing

surfactant concentration leads to the gradual formation of

multilayers that further reduce the rate of corrosion beyond

what can be achieved with monolayer coverage below the

CMC. However, concentration changes above the CMC

lead to smaller changes in inhibition (see data in Tables 2,

3, 4 at CSO [ CMC) since the changes above the CMC

result only in additional coverage beyond the monolayer

level, which is already sufficient for significant inhibition.

In contrast, at surfactant concentration levels well below

the CMC, inhibition increases rapidly with increasing

surfactant concentration, because the surface is filling with

adsorbed surfactant molecules from low coverage to

monolayer coverage. Therefore, an excellent surfactant

inhibitor is one that aggregates or adsorbs at low concen-

trations. In other words, surfactants with low CMC values

are desirable, because they adsorb at low concentrations.

Above all, the critical micellar concentration (CMC) is an

important parameter to predict surfactant performance as a

corrosion inhibitor. As indicated by the Langmuir isotherm

assumption [23, 33–36], the rate of corrosion is propor-

tional to surface sites that are not occupied by surfactant

molecules. This leads to:

j�1
corr ¼ k1 þ k2Csurfactant ð2Þ

where k1 is a constant representing the baseline jcorr
-1

without any surfactant inhibitor, k2 is related to the ability

of surfactant to adsorb, and Csurfactant obviously represents

surfactant concentration. Thus, if the Langmuir model is

Table 4 The electrochemical

parameters (jcorr., Ecorr., bc and

Rp) associated with polarization

measurements of Al–7.5%Cu

alloy in deaerated stirred 1.0 M

H3PO4 solution in the absence

and presence of different

concentrations of SO at 25 �C

Cinhib. 9 105/M (jcorr 9 102)/

mA cm-2
Ecorr/V(SCE) bc/V dec-1 (Rp 9 10-2)/

X cm2
%P

Blank 17.8 -0.866 -0.150 1.55 –

1 16.60 -0.875 -0.151 1.66 6.74

2 15.42 -0.882 -0.150 1.79 13.37

5 13.19 -0.887 -0.149 2.09 25.90

8 10.43 -0.891 -0.151 2.65 41.40

10 9.45 -0.910 -0.152 2.92 46.91

25 2.33 -0.917 -0.151 11.87 86.91

50 1.50 -0.938 -0.150 18.45 91.57

75 0.85 -0.945 -0.151 32.43 95.22

100 0.44 -0.965 -0.153 63.27 97.53

125 0.30 -0.980 -0.150 92.81 98.31

150 (CMC) 0.25 -1.008 -0.151 109.15 98.60

175 0.21 -1.040 -0.149 131.36 98.82

200 0.13 -1.070 -0.150 215.28 99.28
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obeyed a plot of jcorr
-1 versus surfactant concentration should

yield a linear relationship as shown in Fig. 3. A linear trend

below the CMC with a large slope and another trend with

some linearity above the CMC with a reduced slope were

obtained. The CMC value calculated from this plot is very

close to that previously calculated [27, 30]. The change in

slope above the CMC is indicative of the transition from

traditional submonolayer-level Langmuir adsorption to

multilayer adsorption. It is likely that additional surface

coverage in the form of multi-layers and an associated

increase in surface and boundary layer viscosity that result

at surfactant concentrations above the CMC are responsible

for the increase in jcorr
-1 values above the CMC (see linearity

with the reduced slope beyond CMC).

This trend can be explained from the work of Free [32].

He reported that, at a coverage of one monolayer or less,

surfactant molecules can inhibit either the cathodic or

anodic reaction by occupying reactive sites, or by simply

providing resistance to the supply of oxidant or the trans-

port of reaction products. Once the surface is filled with

surfactant molecules and additional molecules form mul-

tiple layer structures, the added surfactant molecules no

longer have direct access to the surface. Consequently, the

additional molecules that adsorb at concentrations above

the CMC must inhibit corrosion by offering additional

resistance to the transport of necessary elements rather than

by occupying reactive sites directly. Increased corrosion

inhibition by surfactant molecules above the CMC due to

increased resistance for necessary molecular transport is

generally supported by a variety of data [37–39].

3.2 Surface charge of the electrode surface

It is well known that terminal oxygen atoms at metal oxide

surfaces react with water, forming hydroxylated sites, or

hydroxide layers at the surface (M–OH), that impart a pH-

dependent surface charge. The polar hydroxyl (–OH-)

groups may cause the surface to attract and physically

adsorb a single or several additional layers of polar water

molecules. An oxide or hydroxide surface (M–OH) can

become charged by reacting with H? or OH- ions due to

surface amphoteric reactions, Eqs. 3 and 4. At low pH, a

hydroxide surface adsorbs protons to produce positively

charged surfaces (M–OH2
?). At high pH they lose protons

to produce negatively charged surfaces (M–O-).

M�OHþ Hþ $ M�OHþ2 ð3Þ

M�OHþ OH� $ M�O� þ H2O ð4Þ

The number of these sites and the surface charge of the

oxide are determined by the pH of the solution. Surface

charge influences adsorption of ions from solution and

other interfacial phenomena [40, 41]. The pH of the

potential of zero charge (PZC) for aluminium oxides/

hydroxides is between 6 and 9, and in acidic solution, the

accumulation of Al–OH2
? species accounts for the surface

charge [42, 43]. In acidic solution, therefore the positively

charged surface sites will electrostatically attract anions

present in solution, and repel cations.

3.3 Mechanism of inhibition and mode

of SO adsorption

Adsorption of surfactants on corroding metal surfaces

depends mainly on the charge of the metal surface, the

charge or the dipole moment of surfactants, and the

adsorption of other ionic species if it is electrostatic in

nature [44].

SO in solution will ionize out negatively charged alkyl

acid radicals, namely oleate anions, which can easily be

adsorbed by the Al surface with the hydrophilic group

facing the electrode surface and the hydrophobic group

facing the liquid medium. This phenomenon is more likely

to take place when the concentration of the surfactants is

near the CMC. The inhibitive action of SO in H3PO4

solution, therefore, results from physical (electrostatic)

adsorption of the negatively charged oleate anions to the

positively charged electrode surface, forming a barrier. In

the early stages of adsorption (low surface coverage), i.e.,

at low SO concentrations, the adsorption of the hydrocar-

bon chain (due to the presence of the ‘‘–CH=CH–‘‘ group)

and the electrostatic adsorption of the oleate anions (via the

carboxylate group) on the positively charged electrode

surface take place simultaneously. This model suggests that

the adsorbed oleate anions cover a large area, thereby

inhibiting corrosion effectively. This may be the reason

why the protection efficiency increases markedly with

Csurfactant below CMC, Tables 2, 3, 4.

Fig. 3 Dependence of the reciprocal of the corrosion current density,

jcorr
-1 , on surfactant concentration, Csurfactant, for the Al–4.5%Cu alloy

samples in deaerated stirred 1.0 M H3PO4 solution at 25 �C. Different

modes of adsorption presented in the insert were taken from [35]
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When the concentration of SO increases, more oleate

anions electrostatically adsorb on the electrode surface. In

this case, the physi-sorption of the hydrocarbon chain may

be ignored. A hemimicelle barrier composed of oleate

anions will form over the whole surface due to the inter-

action between hydrocarbon chains via van der Waals

forces. The barrier becomes more compact and protective

with adsorption of more oleate anions. Thus the inhibition

efficiency of SO increases with increase in its

concentration.

There is also a possibility that some SO transforms into

the corresponding acid, namely oleaic acid (OA), in

phosphoric acid solution. Thus, an equilibrium exists

between SO and OA. It is probable that OA exists in

solution in the form of colloid precipitate due to its quite

low solubility. Colloidal precipitates of this acid are

charged positively [45, 46] when the pH is below 3. Since

the electrode surface is charged positively, it is impossible

for the colloidal particles to adsorb on the surface directly

through electrostatic attraction.

The positive colloidal particles of the acid (SO) may

electrostatically adsorb on the electrode surface covered

with an adsorbed negative layer of oleate anions. It is

probable that after these molecules are adsorbed on the Al

surface by electrostatic forces, they may still react with Al

to form chemical bonds. Chemisorption of SO will be fully

discussed in a separate study of the temperature effect. As

the monomolecular adsorption layer effectively isolates the

aluminum from contact with the medium, H? ions can

hardly penetrate the dense hydrophobic group. Thus the

energy barrier of the corrosion reaction is greatly increased.

4 Conclusion

The influence of sodium oleate (SO), as an anionic sur-

factant inhibitor, on the corrosion behaviour of Al, Al–

4.5%Cu and Al–7.5%Cu alloys in deaerated stirred 1.0 M

H3PO4 solution was investigated using polarization studies.

The principal results can be summarised as follows.

Polarization methods showed that in SO-free H3PO4

solutions, the rate of corrosion of the three tested Al

samples increases in the order: Al \ Al–4.5%Cu \ Al–

7.5%Cu. This sequence is reversed in SO-H3PO4 contain-

ing solutions, where the presence of alloyed Cu enhanced

the electrostatic adsorption of oleate anions on the elec-

trode surface. Polarization measurements show that SO

functions as a mixed-type inhibitor to Al corrosion, while it

acts predominantly as a cathodic inhibitor for the two Al–

Cu alloys. The surfactant adsorbs on the electrode surface

without modifying the mechanism of hydrogen evolution

reaction. The cathodic process is activation controlled even

in the presence of SO. The inhibition efficiency of SO

increases with increase in its concentration. Maximum

protection efficiencies were obtained at SO concentrations

close to its CMC.
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