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A Study of The Inhibition of Pitting of Aluminum by Chromats
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UMIST, PO Box 99, Manchester, England
and
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Chromate acts as an inhibitor of pitting corrosion
of aluminum. A number of models for the inhibition have been
proposed, including pH buffering effects [1], adsorption
influencing other anions (2], hydrolysis of the axide [3] and the
growth of the oxide film (4], and local action theories. Local
action theories have invoked processes where improved oxides
form {S}, precipitation and incorporation of Cr** occurs at
defects [4-8] plugging mechanical flaws during erack/heal events
[6-8] or precipitation-coatings develop on cathodic inclusions(6].
In order to gain more insight as to the mechanisms of inhibition
a series of experiments were carried out to determine the sites
of chromate interaction using botl in situ and ex situ
electrochemical and surface analytical methods.

The behavior of cathodic sites on aluminum was
investigated by vapor depositing copper stripes to simulate more
noble inclusions in the aluminum. The cathodic activity at the
inclusions may be inhibited by precipitation of chromate
reduction compounds and thereby reduce the pitting process.
The copper stripes 0.075x3mm were spaced 1mm apart. On
immersion in ImM NaCl, the current density distribution was
measured with the scanning vibrating electrode technique
(SVET). SVET detects and meagures the current density in
solution. Fig. 1(a) shows an example of a scan over a portion of
the specimen in i mM NaQl Distinct cathedic current density
maxima were present over most of the copper stripes but no
localized anodic sites were observed. Immediately after adding
chromate to give a concentration of 2 mM K,CrO, the
subsequent scan showed no pronounced cathodic currents over
the copper, Fig. 1(b) but deposition of chromium species did
take place, Secondary ion mass spectroscopy (SIMS) showed
that Cr* gave the highest yield around the periphery of the
copper stripes. A broader band around this region also yielded
the highest AlO,'. Some codeposition also occurred on the
surface of the coppe: with a higher chromium concentration on
the copper than the aluminum surface. These results suggest a
proces:. due either 1o an increased pH or co-precipitation with
aluminum leads to deposition of chromium species on the
cathode. This confirmed that deposition at cathodic inclusions
could occur and reduce corrosion.

Activity changes at anodic sites have also been observed.
A continued increase in anodic current took place after
potentiostatic polarization of a 99.97% aluminum surface
abraded on 600 grade silicon carbide paper and exposed at a
potential of -0.55 V(wc) after 8 period in 10mM NaCl The
external current-time increase during polanzanon is shown in
Fig2 and displayed many superimposed transients. On adding
chromate to the solution after 10 minutes at -0.55 V(sce) to give
100 mM K,CrO, the applied anodic current drupped to a low
value. The presence of distinct current density peaks during
SVET scanning were due (o currents emanating from pits
distribution over the aluminum surface and some pitting was
observed prior to polanzabon as seen in Fig 3(a). On
polarization marked increases in the magnitude of the currents
from individual pits was seen. Both the number of active pits
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and the currents from them increased with time, Fig 3(b-d). It
can also be deduced that the many active sites that appeared
and disappeared contributed to the external current fluctuations.
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Chromate is a strong oxidiz' *¢ agent but the current
drop was not due to an increased cathodic activity compensating
the pitting currents. This was clear from the scan started 1
minute after the chromate was added, Fig.3(c). The previous
anodic currents peaks were eliminated or reduced o levels
below detection on the addition of the chromate. The inhibition
of pitting was therefore due to the action of the chromate
within the pits.

From these results it appears that chromate does
indeed show activity at both anodic and cathodic sites during
pitting corrosion. However, the processes at the cathodes
ithough clearly detectable are secondary in the inhibition
mechanisms.

ACKNOWLEDGEMENTS

This work was part carried out under the auspices of the
U. S. Department of Energy, Divisica of Materials Sciences,
Oftice of Basic Energy Science under Contract No. DE-AC02.
76CH00016. The authors wish to thank the Science and
Engineering Research Council and the Royal Aircraft
Establishment for the provision of fisancial support to J.H. and
NATO for travel assistance [Research Grant No. 914(83)).

REFERENCES

1) T. P. Hoar, Casros. Scti., 7, 88 (1967).

2) H. Bshni and H. H. Uhlig, J. Electrockem. Soc. 116,906
(1969).

3) K. Konno, S. Kobayashi and M. Nagayama, Corros. Sci.,
22, 913 (1982).

4) M. A. Heine and M. J. Pryor, J. Electrochem. Soc., 114,
1001 (1967).

5) C. Edeleanu and U. R. Evans, Trans. Faraday Soc., 47,
1121 (1951).

6) J. A. Richardson and G. C. Wood, J. Electrochem. Soc.,
120, 193,(1973).

7 M. F. Adb Ratbo, G. C. Wood, J. A. Richardson and C.
K. Jackson, Corros. Sci., 16, 677 (1976).

8) N. Baba, K. Kawano and S. Tajima, in Proceedings of the
3rd International Congress on Metallic Corrosion, Tokyo,
Pub., NACE, Houston, 1974, p 590.

Fa)

Fiy

K4 c‘ o
1.»t .Jl

ACTED
noi L -

QL ARAITED

L) 4]

s N LA TR

AR wnnw LU O SRR (R TR UV (U



1. M.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Govermment ror any agency thereof, nor any of their
employees, inakes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness. or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial produgt, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Figure 1. Scanning vibrating probe measurements of current
densities over an aluminum surface with copper stripes exposed
to 1 mM NaCl; (a) before and (b) after the addition of 2 mM
K.CrO, (arbitrary current density units).
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Fi;um 2. Currents from abraded aluminum held at -0.55 V(sce)
in 10 mM NaCl. 100 mM K, rQ, was added at 20 min.
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Figure 3. SVET measurements over the sample for the test in
Figure 2; (a) frecly corroding, (b) after 2-5 minutes at -0.55
V(sce), (c) after 8-11 min, (d) after 14-17 min and (e) after the
addition of 100 mM K,CrO, (similar current density units).
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