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Abstract

The influence exerted by some anionic surfactants towards the corrosion pfo@e#sjo
containing aluminium alloy (AA2139) is studielliring 168 h immersionn 0.01 M NaCl
solution. This behaviour is compared with that previously determined orcantaining

alloy (AA2198). The surfactants, at a proper concentration, hinder anodicahodic
reactions as well athe pitting process, but their action is influenced by passive layer
stability, so that their inhibiting effects are greater on AA2198 for the more efficient and
stable passive laye©n both alloys, the most efficient cooynds are the sodium salts of
N-lauroylsarcosin@and ofdodecylbenzensulphonic acid
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| ntroduction

In aqueous media the corrosion rate of aluminium alloys is usually redmcdte
formation of a layer of spontaneous corrosion products (Al ckigéroxide passivating
layer). The passive current delysand the potential extension of the passive zone depends
on the alloy composition, environmental composition and pH, and temperature. However,
stable passivity is markedly impaired by particular anions, for instaitcates and chiefly
chlorides [1,2] which reduce the passive interval and increase the anodic currents.
Furthermore, the presence of cathodic intermetallic phases can lead to localized attacks.

In recentaluminium alloys, the presence nbvel types of intermetallics witthew
characteristis cangreatlyaffect the alloy corrosion performances and influence the effects
of the anions towards their passive behaviour.

To contrast chloride attackmongthe organic substance8i[13], anionic surfactants
[4, 6] were alsoexperimentedsincetheir long aliphatic chain should allow the formation
of a compact and hydrophobic layer while their negative polar eaddition toallowing
the anchoring onto the aluminium oxide layer, should efficaciously withstand chloride
anion action.

The present resmrch studies thénfluence exerted by some anionic surfactants
(chiefly sodium salt of NauroylsarcosineNLS, and ofdodecylbenzensulphonic acid,
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DBS) towards the corrosion attack of an-égntaining aluminium alloy (AA2139) during
168 h immersion in 01 M sodium chloride solutigmndthencompares these effects with
those previously found on a-containing AA2138 alloy in the same environmesiceit

was seenthat the action of an inhibiting substancan alsodepend on aluminium alloy
composition[14]. It was previously revealetthat he action of NLS and DB®ere very
effective both on AA6531 Ssontaining aluminium alloyq] and AA2198 Licontaining
aluminium alloy [L5). In the former paper NLSvas found toact through chemical
adsorption on thaluminium oxide layer, while DBS and the other surfactants through a
physical adsorptignand this different mode of interactiaccounted for theenhanced
performances of NLS. In the latter paper the different efficiency of the two additives was
confirmed highlightingtheir particulaty strong effect®nthe alloy pitting process.

Experimental

Square specimens (around 1.25 x 1.25 cm) were obtained from a 0.5 cm thick ptate of
treakd AA2139 alloy and from daminated T3 treated, AA2198 alloy, whose ngent by
weight chemical compositions (EDS analysis) are reported in Table 1.

Table 1.Chemicalpercent (in weight) composition afuminium alloys (ED&nalysis)

Composition (wt%)

Alloy
Fe Cu Mn Ag Mg Zr Li
Base
. 0.09 4.52 0.29 1.57 0.34 n.d. 0
AA2139 T3 Material
Intermetallics 5.30 20.04 1.80 0.61 0.24 n.d. 0
Base 1
AA2198 . 0.10 3.34 n.d. 1.16 0.35 0.18 .
T3 Material nominal
laminated | termetallics  6.91  19.39  n.d. 031 026 013 n.d.

*n.d. = not determined

The structure of AA2139 was formdxy equaxial grains, while that of AA2198 by
fine elongated grains (due to the lamination process, Figures la,c). Both AA2139 (Ag
containing aluminium alloy) and AA2198 (containing aluminium alloy) were
characterized by the presence of-@un-) and Ferich intermetallic precipitates (Figures
1b,d; Table 1); iformer alloythese precipitategere more numeroughile in the latter
alloy were aligned along the lamination direction

Figures 2 § andb) show the appearances of AA2139 and AA2198 surfaces after 4 h
immersion in 0.6 M NaCl solutiorthe points of attack on AA2139 were more numerous
than on AA2198. It was found (Figurec)2that, as usuallls, 17], the corrosion attack
started in the Gualepleted zones adjacent the cathodie & Ferich precipitates.
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Fig. 1. a, c: metallographicstructure (OM) of the base materidisd: second phases dispersed
in the aluminium matrix (SEM, backscattered electrons).
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Fig. 2. Appearance (OM) of AA213%] and AA2198 k) surfaces after # immersion in
0.6 M NaCl solution; ¢) appearance of the corrosion attack (SEM).

For the electrochemical tests, these specimens, with an electric copper wire contac
fixed on the inner surface, were embedded in Efpofiesin, so that, after the prepaoat)
they exposed the outer surface to the aggressive solutions. This surface was prepared &

emery papers up to 1000 grade, washed withdiilled water, degreased with acetone and
dried with hot air.
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The aggressive maain was0.01 M NaCl (RPE Carlo Erla product) solutionThe
tested surfactants (Fluka products) were:

sodium salts of Nauroylsarcosine (NLS) CH3(CH,),CON(CH3)CH,COONsag;

N-lauroyFN-methyltaurine (NLT) CH3(CH3)10CON(CH3)(CH»),SO3Na;
dodecylbenzensulphonic acid (DBS)  CH3(CH,)1:CsH4SO3Na;
and sodium lauryl sulphate (LS) CH3(CH5)1,0S0OsNa.

Electrochemical tests were performed in a\B5{))AC t her most at ed 2
with a 3electrode assembly: working electrode, reference electrode (saturated calomel
electrode) and twoysnmetrical platinum wire countexlectrodes. These tests were carried
out with a Princeton Applied Research PARSTAT 2263 Potentib&alvanostat
( Power SUI T E.EThespoténtiogymamé )polarization curves were recorded by
applying a 0.2 mV sétscaniing rate.The corrosion rateidorr) vValues were obtained by
cathodic Tafel line extrapolation to the corrosion poterfiabrg) and percent Inhibition
Efficiency (%l.E.) was determined as:
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To monitor the corrosion procgelectrochemical impedance spectra weaagied out
on independenspecimes in the 16i 10° Hz frequency domain, applying a h®/ rms
sinusoidal perturbation at the corrosion potentiaing to the low potential amplitude,
each experiment lasting 168Mas carried out on the same eled&o

Results

In 0.01 M NacCl solution, thAA2139 corrosion process was initially defined by a cathodic
polarization curve limited by oxygen diffusion, (around 1& Acm?) and an anodic
polarization curve under pittingorrosion conditionsi. with a pitting potential Egg,
almost coincident with the corrosion potentfaly. 3). The layer of spontaneous corrosion
products (e. Al oxidei hydroxide) which develops and thickens during the time on the
alloy surfaces paxularly stifled the cathodic reaction of oxygen reduction, mainly at long
immersion times. In fact, at 168 the corrosion potential settled to more negative values
(aroundi 0.7 Vscg and the cathodic polarization curve displayed a tafdik@nbehaviour

At the same time, a well defined, although limited, passivity interval was being
established, withpass of few ¢ Acm' 2, and a pitting potential af0.58Vsce Beyond this

last potential value, a sudden anodic current increase took place, owing tdtitige pi
process begun by chloride anions, and the anodic current trend became similar to that o
the initial polarization curves.
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Fig. 3. Polarization curves of AA2139 atand 168 immersion timan 0.01M NacCl.

)

{1 After 1h {1 After 168h

© o o
NY O
1 1

Potential /Vsce
S O
(@)} N
Potential /VSCE

-0.€ -

TTTTT T T TTT ‘1(: T T T T 1T TT
10% 10%¢ 108

Current Density / A.cm™ Current Density / A.cm™

'1c LELRRLIL] T TTTIm T 1
10%¢ 108

10° 10° 10

Fig. 4. Polarization curves of AA213&fter 1 (left) and 168 h (righijnmersion in 0.01M
NaClin the presence of the various surfactants 405 M concentration (1 M for NLT).

Figures4 show the polarization curves recorded after 1 and 168 h immersion iN0.01
NaCl solutionin the presece of the various surfactants. NLT and LS exerted a limited
inhibiting action on both the cathodic and anodic corrosion reactions, which lasted very
few hours. On the contrary, the action promoted by DBS and NLS was much greater and
was found to be more p@stent.

After 1 h immersion the presence of B®M NLS caused a net diminution in the
cathodic and anodic polarization currents, the latter up to a pitting potenti@l3W¥ sce
Over time, the anodic reactidmecame more and moihibited while thepitting potential
moved to more positive values, so that after 168 h a net passivity domain was determined
characterizedy an almost constant anodic currdpjss lower than0.1¢ Acm'? and an
Egr attaining a value close to +0.8 e (Fig.5). At the end of the test, the cathodic
currents were reduced, in comparison to the blank, by about two orders of magnitude,
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while the reduction in the anodic currents was more noticeable, reaching around four
orders of magnitude.
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Fig. 5. Polarization curves of A2139 at increasing immersion time in 0JiINaClin the
presence of 510> M NLS.

Fig. 6. Polarization curves of AA2139 at increasing immersion time in MOaCl in the
presence of3110°* (left) and53 10 M (right) DBS.

Initially DBS at 10° M coneentration markedly decreased the currents of both the
anodic and cathodic processasjnfluence whichhad improved after 24 h testing, ndt
successively maintaineffig. 6, left). Better and more lasting effects were obtained at
5310°M concentration(Fig. 6, right). In this case, the cathodic and anodic polarization
currentsthroughout the experimemtere continuously reduced, whitgg initially moved in
the positive directiomeaching at 24 h0.11Vscg and successively shifting T®.19V sce
at 168 h.Compared to NLS,tadhe end of the experiment (168 h), DBS presented about the
same cathodic and anodic polarization curves, but a much less posgival&e (Fig.4,
right).



