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Conversion coatings that comprise mix-
tures of molybdates and several additives
have been subjected to a variety of tests to
evaluate their effectiveness in protecting
aluminum and alloys of aluminum against
corrosion. Molybdate conversion coatings
are under consideration as replacements
for chromate conversion coatings, which
have been used for more than 70 years.
The chromate coatings are highly effective
in protecting aluminum and its alloys
against corrosion but are also toxic and
carcinogenic. Hexavalent molybdenum
and, hence, molybdates containing hexa-
valent molybdenum, have received atten-
tion recently as replacements for chro-
mates because molybdates mimic
chromates in a variety of applications but
exhibit significantly lower toxicity.

The tests were performed on six pro-
prietary formulations of molybdate con-
version coatings, denoted formulations A
through F, on panels of aluminum alloy
2024-T3. A bare alloy panel was also in-
cluded in the tests. The tests included

electrochemical impedance spectroscopy
(EIS), measurements of corrosion poten-
tials, scanning electron microscopy
(SEM) with energy-dispersive spec-
troscopy (EDS), and x-ray photoelectron
spectroscopy (XPS).

The corrosion-potential and EIS mea-
surement data were gathered at several in-
tervals during immersion in an aqueous
NaCl solution for a total time of two weeks.
Nyquist and Bode plots of the data were
obtained. The corrosion potentials of the
conversion-coated panels were found to in-
crease during the first 24 hours and there-
after subside slightly, approaching steady
values. The corrosion-potential measure-
ments indicated that three of the propri-
etary formulations exerted a protective ef-
fect on the alloy. The EIS data on all the
conversion-coated alloy specimens were
characterized by impedance magnitudes
greater than those of the bare alloy speci-
men at all frequencies and times for which
measurements were performed (see fig-
ure). This characteristic indicates that the

molybdate conversion coatings contribute
some resistance to corrosion.

SEM images showed cracks in the
coatings and cubic crystals believed to
be calcium carbonate. EDS revealed
high concentrations of aluminum, oxy-
gen, and calcium but did not reveal any
molybdenum on the panels. XPS indi-
cated the presence of less than 0.01
atomic percent molybdenum on the sur-
faces of the coatings.

Overall, the test data have been inter-
preted as signifying that molybdate con-
version coatings show promise for pro-
tecting aluminum and its alloys against
corrosion, but that further development
will be necessary to attain protection
equal to that afforded by chromate con-
version coatings.

This work was done by Luz Marina Calle
and Louis G. MacDowell of Kennedy Space
Center. For further information, contact the
Kennedy Commercial Technology Office at
321-867-8130.
KSC-12346
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The Magnitude of Impedance at a frequency of 0.05 Hz was measured on each of the seven specimens as a function of immersion time.


