Understanding Corrosion M echanisms of
Impure Aluminum and Related Phenomena

Kemal Nisancioglu
Department of Materials Technology and
Eledrochemistry, Norwegian University of Science and
Tednology, N-7491Trondheim, Norway

This paper reviews 50 yeas of research which haslead to
the present stage of understanding the surfacestructure
and eledrochemistry and the role of these properties on
the corrosion behavior of aluminum alloys, spedficdly
pitting and filiform corrosion. The emphasisis on 1000
(commercially-pure duminum), 3000 (AIMn), 5000
(AIMg) and 6000(AIMgSi) series all oys which have im-
portancein the padkaging, architecural and newly devel-
oping automotive goplications.

Starting with the dassicd work of Aziz and Go-
dard in the 1950s on the effea of impurity and all oying
elements on corrosion of 1000and 3000series all oys,
significant effort has been put in understanding the mi-
crogalvanic interadion between the iron containing, alu-
minum-base intermetallic compounds. The dasscd work
by Vossiihler and Zeiger demonstrated a crrelation be-
tween the galvanic potential difference between thein-
termetalli c particles, which typicdly existsin aluminum
aloys, and their corrosion susceptibility. Zamin's gudy
of 3000series all oys establi shed the significance of the
Mn/Feratio in the dloy and the intermetalli c particles on
pitting resistance with referenceto key Japanese work on
the dedrochemica properties of several types of Al-base
intermetalli cs, which contain the dl oying element Mn and
the impurity elements Fe and Si.

Zamin'swork had important ramificaionsin fur-
ther development of corrosion resistant 3000all oys, as
well as Mg aloysinthe AZ-series (MgAIZn). In subse-
guent work, the significance of anodic readion rates on
the surfacechemistry and structure of different phases
present in the dloy was demonstrated to give abetter pic-
ture of the microgalvanic interadion, in addition to the
differencesin the crrosion potentials. The gproach
used was preparation and use of eledrodes of synthetic
intermetalli c compounds and solid solution matrix aloys
representing the different phases present in the mmmer-
cia alloys. A significant amount of such datais now
avail able in different environments.

Data for one-phase, one component model all oys
in addified chloride environments are relevant for the
matrix alloy becaise dedrochemicdly adive matrix alloy
isnormally susceptible to locdized corrosion, charader-
ized by addification of thelocal corrosive environment
acordingto the dassicd eledrochemica theory of locd-
ized corrosion. At the sametime, theiron rich intermetal -
licsad asthe preferred cahodes, at which the reduction
processleads to the locd alkalinization of the solution.
Therefore, polarization data obtained for the synthetic
intermetallic compoundsin akaline environments are
relevant to understand the properties of these phases as
cahodesin the a¢ual corrosion process It was siown
that compaositional changes are expeded occur on all
phases as aresult of seledive rrosion in respedive en-
vironments. The intermetalli c phases become stripped of
the more adive duminum component in alkaline envi-
ronment, which leads to enrichment of the particle surface
iniron and thereby increased rate of the reduction reac-
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tion. Enrichment of the particle surfaceby manganese
reduces the deleterious effea of iron. However, enrich-
ment of the matrix by manganese by a similar process
leadsto areduced driving force for the microgalvanic
coupling of the intermetallics and the matrix and also to
increased pitting resistance of the matrix.

The foregoing summary of ealy work was
largely focused on the bulk properties of the dl oys, often
exposed by deep etching, (eledro)chemicd palishing, or
metall ographic palishing before experiment. Recent in-
vestigation of the &-rolled aluminum shee surfacere-
veded the existence of a nanocrystalline layer of the or-
der 1um thick, charaderized by grain sizes as small as 20
nm, i.e., up to two orders of magnitude small er than the
bulk grains. The grains exhibit identicd compasition and
structure to the bulk grains. The grain boundaries are
contaminated by oxide particlesincorporated during hot
rolling and secondary intermetalli ¢ phases, which precipi-
tate as aresult of hea treament during the thermome-
chanical processng of the sheet. The nanograins are quite
stable ggainst reaystalli zation during anneding due to
Zener pinning by the grain boundary oxide and predpi-
tates. The grain-boundary oxideis enriched in magne-
sium oxide even if magnesium is present as an impurity
element in the dloy. Such surfaces have been shown to
be espedally susceptible to filiform corrosion, owing to
the presence of fine distribution of intermetalli ¢ phases,
which ad asthe locd initiation sites and cathodes. Since
pred pitation of the phases deplete the nanograins of their
heary metal content, such asiron and manganese, the
driving forcefor the microgalvanic adionislocdly en-
hanced. The nanograin structure has a semndary rolein
providing alarge grain boundary area and an unstable,
magnesium rich grain-boundary oxide which is chemi-
cdly attacked by the addified anolyte. A ssimple way of
preventing filiform corrosion on rolled productsisto re-
move the particle-rich surfacelayer by etching unless
more than 0.5% of copper is present. The surfacestreaed
in this manner beacme highly resistant against filiform
corrosion, such that conversion coatings become unneces-
sary except for improved adhesion of the organic coating.

A new discovery which isresponsible for the
dynamic dedrochemicd charader of impure duminum
and has important consequences for locdized corrosion is
the dfea of trace éements, particularly Pb. Lead is pre-
sent in the bauxite, and it becomesincorporated in the
metal also as aresult of metal regycling. By exposureto
temperatures above 400°C during thermomechanica
processng of the material, Pb readily diffuses along the
grain boundariesto the surface. Its enrichment in the me-
talli c state at the oxide-metal interface @uses a significant
eledrochemicd adivation of the surfacewhen exposed to
chloride solution. Even afew ppm of Pb content in the
bulk may be detrimental. Lead enrichment contributes to
the susceptibili ty of the painted surfaceto filiform corro-
sion. However, Pb enrichment may provide saaificial
protedion of the bare surface g@ainst pitting corrosion.
The phenomenon has pradicd significancein al high
temperature processs, such as welding and brazng, es-
pedally insofar as galvanic corrosion at the adivated
zones. Clealy, the phenomenon can also be exploited to
reduceor eliminate galvanic corrosion and in engineeing
the dedrochemica properties of the surfacein general by
proper control of thermal processng.






