Effect of Lead on Anodic Behavior of Aluminum
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Recent work on filiform corrosion of certain rolled com-
mercial alloys"® indicated that the metal surface ca be
eledrochemicdly adivated as aresult of high temperature
processng with consequences for eledrochemica proper-
ties and general corrosion behavior. The adive behavior
is charaderized by deep, negative mrrosion potential
transientsin adlightly etching chloride solution, indica-
ing polarization of the surfaceto the usual pitting poten-
tial asthe adivating material isremoved and the bulk
structure of the material is exposed to the solution. Fur-
thermore, potentiostatic polarization of the adive surface
well below the pitting potential leads to significant current
density transients.® Potentiodynamic sweeps give adive
anodic adivation pe&ks, again well below the usual pit-
ting potential. These anodic eventslead to superficial
etching of the surface rather than pitting in the usual
manner, indicating the removal of thin patches of appar-
ently active surfacelayer. Preliminary work® indicated
that surface ativation can be dtributed to the erichment
of the surfacelayer by metallic Pb, in the same manner as
the well-known effed of a number of other Group Il A
and IVA elements in the development of saaificial alu-
minum anodes for cathodic protedion and Al-air batter-
ies.

In thiswork, the cuses of this adivation phe-
nomenon was investigated further by use of the commer-
cia rolled aloy AA8006and model binary aloys pre-
pared from the pure components. Alloy 8006contained
nominally 1.5% Fe, 0.4% Mn, 0.2% Si, and about 200
ppm each of the dements Mg, Cu and Zn. It was hot and
cold rolled to 0.8 mmthickness and delivered in the fully
anneded O condition. The binary alloys were AlFe0.04,
AlMn1, AlSi0.1, AIM@3, AlZnl, and AIPb0.1. These
materials were avail able from various ealier projeds, and
therefore, compasitions of the dl oying elements do not
correspond to those presentsin the ammmercia alloy
8006 The present objedive wasto oltain afirst hand
opinion about the passble role of these dements on the
eledrochemicd behavior of the cmmercial material.
The binary samples were prepared by cold rolli ng mold-
cast dabs on alaboratory roller followed by hed trea-
ment at about 600°C to dislve a much of the dloying
elementsin solid solution as posshle.

Asindicaed in the ealier work, negative Eqy,
values recorded at the outset of open-circuit transientscan
be dtributed to eledrochemical adivation or cathodic
control resulting from unavail abili ty of cathodic sites at
the surface E.,, transients then result from the eching of
the adive layer or exposure of the cahodes, respedively,
as the sample surfaceis pdarized in the positive diredion
toward the pitting potential. E.,, transients for the first
type of surface @e dso characterized by severa potential
arrests, indicating occurrence of successve dedrochemi-
cd phenomena & the surfaceis polarized. E¢,, transients
for the second type of surface ae usually faster and

monotonic. Thistype of surfaceis esentialy passivein
terms of both anodic and cathodc processes. Originally
adive surfaces give the high anodic current outputs, char-
aderized by several oxidation pe&ks, as aresult of anodic
potential sweep, as summarized ealier. The pe&ks
roughly correspond to the potential arrestsin the corre-
sponding E,, transients. The pasdve type of surfaces
typicdly exhibit the usual passive behavior, foll owed by
stegp current increase dove the pitting potential.

The dedrochemicd datafor alloy 8006in the
as-recaved and anneded conditions and the binary
AIPb0.1 could readily be dassified as corresponding to an
adive type of surface while the datafor other binary
model all oys were more charaderistic of the passve type
of surface The E.,, transients, including the potential
arrests, and the potentiodynamic data, including the oxi-
dation peks, were strikingly similar for the two adive
materials. Deep caustic eching and metall ographic pal-
ishing removed the adive behavior. Subsequent hea
treament restored eledrochemica adivity. The dedro-
chemicd data, therefore, indicated that adivation of the
surface ca be atributed to enrichment of the surfaceby
metalli ¢ Pb as aresult of hea treament, although Pbis
present at an impurity (ppm) level in alloy 8006 How-
ever, Pb enrichment of Al surfaces by hea treament isa
well known phenomenon,” even is Pb is present at a ppm
level in the dloy.

In order to dacument Pb enrichment further,
elemental depth profil es of 8006surfaces were performed
by glow discharge emission spedroscopy (GD-OES). A
qualitative analysis achieved so far of the results reveded
a dea enrichment of Pb nea the surfaceof the &-
receved material. There was adlight increase in the en-
richment level asaresult of annedingfor 2 h at 450°C.
Deep caustic eching removed the eriched Pb, although
thisisin apparent disagreement with ealier results.® Re-
anneding of the d@ched surface caised enrichment of the
surface gain with Pb. However, Pb enrichment was con-
fined to athinner surfacelayer in this case. Thisdiffer-
encein the Pb profiles for the as-receved and etched-and-
anneded samples does not affed their eledrochemicd
behavior significantly.

It is anticipated that adivation d the duminum
surfacein the manner described will become important in
future studies of eledrochemistry and corrosion of alumi-
num all oys because of increase in the cntent of Group
Il A and IVA impurity elements as a result of recycling.
Despite ample dedrochemical data avail able regarding
the dfed of such elements on the dedrochemicd behav-
ior of aluminum, the a¢ua mechanism by which these
elements adivate the surfacestill remains unresolved.
The successve oxidation processes in the presence of Pb
are anewly observed phenomenon, which also requires
further investigation.
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