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A. ALUMINUM AND ALUMINUM ALLOYS

It is common current practice to test aluminum and aluminum alloys for intergranular corrosion,
stress corrosion cracking (SCC) and corrosion fatigue.

1. Intergranular Corrosion Testing

Testing for susceptibility to intergranular corrosion varies with the alloy family. Metallographic
examination after exposure to a NaCl-H2O2 corrosive solution [1] is used primarily for aluminum-
copper-magnesium (2XXX) alloys. It has also been used with aluminum-magnesium-silicon
(6XXX) and aluminum-zinc-magnesium-copper (7XXX) alloys. A practice for measurement of
corrosion potentials of aluminum alloys has been established [2]. With aluminum-copper-magne-
sium (2XXX) and aluminum-zinc-magnesium-copper (7XXX) alloys, limited use has been made
of electrochemical methods for predicting intergranular corrosion susceptibility. However,
confirmation by metallographic examination is still considered necessary [I].

2. Stress Corrosion Cracking Testing

Several aluminum alloy product specifications require defined levels of performance with respect to
resistance to SCC. Tests used to measure such performance are described in standards and are
referenced in materials specifications. Among these tests are those for evaluating resistance to SCC
of 2XXX alloys and 7XXX alloys that contain copper, by alternate immersion in 3.5% NaCl solution
[3, 4]. Lot acceptance criteria for products of 7XXX copper-containing alloys in T 76, T 73, and
T 736 tempers are based on combined requirements for tensile strength and electrical conductivity
[5]. A system of rating SCC resistance of high-strength aluminum alloy products has been developed
by a joint task group of ASTM and the Aluminum Association to assist alloy and temper selection,
and has been incorporated into [6]. The stress levels mentioned are not to be interpreted as threshold
stresses and are not recommended for design.
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3. Fatigue and Corrosion Fatigue Testing

Fatigue tests are carried out in ambient air with laboratory apparatus that subjects the specimen to
cyclic stress. The cyclic stress may be axial, torsional, or reverse bending. When testing polished
cylindrical specimens rotating under bending in a Moore machine, the stress just below that which
causes failure at 500 x 106 cycles is taken as the fatigue strength. For sheet specimens subjected to
reverse bending in a Krouse machine, the value is usually taken for survival at 5Ox 106 cycles.

Corrosion fatigue tests are carried out with the same apparatus, with provisions made to subject
the specimen to a corrosive environment by spraying or dripping a solution onto the specimen,
creating a mist in an enclosure around the specimen, or immersing the specimen in a solution. The
corrosive environments used most frequently are distilled or demineralized water, tap water, and
brines (including natural or synthetic seawater). Because of the complexity of service environments,
a good correlation of normal laboratory corrosion fatigue data with actual service performance is
difficult [7]. Low-stress long-duration laboratory tests lower the fatigue strength of aluminum alloys.

B. MAGNESIUM AND MAGNESIUM ALLOYS

The testing that has been published has been focused on automotive applications, where the standard
testing has been ASTM Bl 17 [8] salt spray and automotive cycle tests. The cycle tests are specific to
each of the autumotive companies, but involve cyclic exposure to salt water, drying, and high
humidity. These are targeted primarily at generating a more realistic evaluation than standard salt
spray exposure alone for coating adhesion on ferrous metal. High-purity magnesium alloys typically
perform very well in such tests, since differential aeration does not appear to play a role in mag-
nesium corrosion [9].

Quality control tests of coatings on magnesium alloy surfaces for painting are desirable. These
generally consist of exposures, with or without paint, to salt spray, humidity, or natural
environments. Precautions are taken to remove surface contamination before coating, generally to
a depth of at least 25 um (1 mil) per side by acid pickling [1O].
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