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Overview. Chromate conversion coatings (CCCs) are
used to increase the mrrosion resistance and paintabili ty
of aluminum aloys (1,2). For most of their 90-yea
recorded history, the evolution o CCCs on aluminum has
been charaderized by technologicdly significant
innovations, which were prompted by the need to improve
either coating performance or processng.

It can be agued that conversion coating
technology has been in a developmental rut for the past 15
yeas. Chromate use in surface finishing faces regulatory
extinction because of chromate toxicity (3). R&D
investment in chromate mnversion processng has been
small outside of reducing the Cr profilein bath
formulations and development of engineeing controls to
reduce worker exposure and environmental release. On
the other hand, significant R& D investment has been
made in Cr-free @nversion coating technology. Many
diverse goproaches have been explored (4-7). Have aty
crossed the commerciali zation threshold and showed
sustained profitabili ty? Certainly none have the extreme
versatility of CCCs.

The Edisonian approach that has charaderized
much of the Cr-freedevelopment effort has recaved
strident criticism since no broadly applicable Cr-free
alternatives have emerged despite 15+ yeas of research
(8). Thereisno daubt that the Cr-replacement problemis
difficult scientificdly, but in an attempt to more properly
dired coating technology development, the U.S. DoD has
commisgoned several large research adiviti es aimed
"reverse engineaing" chromate arrosion protedion,
including CCCs. These adivities have dso been criticized
as not being "forward-looking". The successof the DoD
investment experiment will depend on how well chromate
corrosion protedion has been diagnosed, and how well
these principles can be gplied using environmentally
accetable chemistries.

The Past. Chromate mnversion coating evolution has
been charaderized by considerable innovation. A selected
list of these developments il lustrating thisinnovation is
presented as foll ows:

* (1910- 1920) Conversion coating in alkaline cabonate-
chromate solutions was developed for Al aloys, which
were emerging as important lightweight structural
materials (9).

* (1939 Dichromate sedingof hydrothermally grown
polycrystalline Al oxide aatings was developed (10).
Corrosion resistancein mildly aggressive ajueous
environments was noted.

* (1940) Acid chromate-phosphate-fluoride formulations
arose (11). These chemistries produced thin amorphous
coatings with excdlent corrosion resistance. Coatings
formed in a matter of minutes during immersion or
during spray at ambient temperatures.

* (1940s) World War II. The demand for corrosion
protedion of various metal partsin milit ary systems
used in tropicd and marine dimates during the war
stimulated widespread use and increased experience
with chromate metal finishing.

* (1950 Acid chromate-fluoride formulations, in which

dichromate was the primary film forming agent, came
into widespread use in the late 194G and ealy 1950s.
(12,13).

* (195@) Self-heding was recognized as a component of
chromate @ating protedion in addic chromate-fluoride
formulations of the 1950 (14).

* (1970 Perhaps the last significant development in CCC
chemistry was the use of accéerants (15). The
predominant acceerant in commercial formulations
was ferricyanide, Fe(CN)g>.

* (1992 Coating formulations for reducing of cracking
due to drying were patented.

The present. Asaresult of past innovations CCC
technology is exceptionally versatil €; coatings may be
applied by immersion, spray, or rolling. Coatings may be
applied to awide range of aluminum alloys and other
metals. Coating technology is robust, mature, trusted, and
inexpensive. Nonetheless chromate is a potent human
carcinogen, and its use is acampanied by intense scrutiny
from both the public and private sedors. Asaresult, this
technology is bemmingincreasingly costly to use, and
identification and implementation of replacement
technologiesis ahigh priority.

Thefuture. Severa genera classes of approaches and
chemistries have been explored as CCC replacements (4-
7). These include sol-gel and sol-gel-like processes
involving chemistries based on Al, Si, Ti, Zr. Predpitated
coatings have been formed from Ce, Mn, Co, Li, and Al
chemistries. Novel techniques and materials such as dlane
coupling agents and conductive polymer coatings are dso
receving attention. Currently there is no frontrunner
technology poised to broadly replaceof CCCs. In the
absenceof revolutionary advancesin structural al oy
corrosion resistance or surface engineering, CCC
replacement will not occur until its performance, ease of
applicaion and low cost is excealed.
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