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Abstract

The Advanced Photon Source (APS) is a state-
of-the-art synchrotron light source. The storage
ring vacuum chamber is fabricated from 6061
extruded aluminum. Water connections to the
vacuum chambers that were fabricated from
3003 aluminum had developed water leaks,
which were subsequently remedied after
considerable investigations. Materials subjected
to the pitting analysis in this study are 3003,
6061 and 6063 aluminum.

THE STORAGE RING VACUUM CHAMBER
is fabricated from 6061 aluminum (Fig. 1). The
water cooling holes are shown at the edge of the
chamber. Water connection transition
assemblies were fabricated with 3003 aluminum
and are shown in Figure 2.

Transition Assemblies

Fig. 1. The APS storage ring vacuum chamber.
Three small round cooling holes arc seen here.
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Fig. 2. Transition assemblies made from 3003
aluminum roll-bonded to stainless steel (top).

Corroded joints were examined and SEM
and x-ray EDS was used to survey the
corrosion regions (Figs. 3 and 4).

Fig. 3. Corrosion deposits and pitting in the
3003 aluminum.
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Fig. 4. Severe pitting in the 3003 aluminum.

The corrosion deposits were composed of
calcium and silicon carbonates and were
associated with sulfur and chlorine.

In general, there are eight forms of
corrosion, but all of them are more or less
interrelated. The eight forms are as follows: 1)
uniform or general attack, 2) galvanic or two-
metal corrosion, 3) crevice corrosion, 4) pitting,
5) intergranular corrosion, 6) selective leaching
or parting, 7) erosion corrosion, and 8) stress
corrosion [1].

Pitting

Pitting is a form of extremely localized
attack that results in holes in the metal. Pitting
is one of the most destructive and insidious
forms of corrosion. It causes equipment to fail
because of perforation with only a small percent
weight loss of the entire structure. It is difficult
to detect pits because of their small size and
because the pits are often covered with
corrosion products. It is difficult to measure
quantitatively and compare the extent of pitting
because of the varying depths and numbers of
pits that may occur under identical conditions.
Pitting is also difficult to predict by laboratory
tests. Sometimes pits require a long time to
appear in actual service. Pitting is particularly
vicious because it is a localized and intense
form of corrosion, and failures often occur with
extreme suddenness.

Pitting usually requires an extended
initiation period before visible pits appear.
Once started, a pit penetrates the metal at an
ever-increasing rate and tends to undermine or
undercut the surface as it grows. A corrosion pit

is a unique type of anodic reaction because it is
an autocatalytic process. The corrosion
processes within a pit produce conditions that
are both stimulating and necessary for the
continuing activity of the pit. This process is
self-propagating. Most pitting is associated with
halide ions. Oxidizing metal ions with chlorides
are aggressive pitters, with cupric and ferric
ions being extremely aggressive [2].

Pitting is usually associated with stagnant
conditions, and increasing flow velocity often
decreases pitting. Severe cold working
increases pitting, and surface finish often has a
marked effect on pitting resistance.

Metals that show a tendency to pit should
not be used. Good machining practice will
minimize internal stresses. Electropolishing the
metal will give the best surface to increase
pitting resistance.

To minimize pitting, high quality DI water
should be used, and it must be kept flowing.
Never leave stagnant water in a system that is
susceptible to corrosion; drain and dry the
system if the water is not flowing.

High-strength aluminum alloys depend on
precipitated phases for strengthening and are
susceptible to intergranular corrosion and
pitting. Duraluminum-type alloys (Al-Cu), such
as 3003, are strong because of precipitation of
the compound AlCu2. Substantial potential
differences between the copper-depleted areas
and adjacent material exist. When these alloys
are solution-quenched, to keep the copper in
solution, their susceptibility to intergranular
corrosion is very small but they possess low
strength. When heat-treated for strength, AlCu2

forms and the strength is increased. Over-
heating during welding can sensitize these
materials for corrosion.

Tests

Testing can be in a laboratory or a pilot-
plant. Pilot-plant or field tests are the best and
most desirable because the materials,
concentrations, temperatures, velocities, and
volume of liquid to the area of metal exposed
are similar to those to be used under actual
operating conditions. Laboratory tests are
characterized by small specimens and small
volumes of solutions, and conditions are
simulated as conveniently as possible.
Laboratory tests serve their most useful
function as screening tests to determine which



materials warrant further investigation and
which materials are definitely unsatisfactory
131.

Our field test used full size vacuum
chambers with test fittings and the original roll-
bond fittings.

Pits were observed in the 3003 aluminum
(Figures 5 to 9).
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Fig. 5. An 11X SEM showing the severe deep
pitting near the stainless-steel-to-aluminum roll-
bond and several millimeters away from the
bond (seen at the lower left in the picture).

Fig. 7. A 100X SEM of a corrosion pit.

Fig. 8. A 2.000X SEM of a pit. Chemical
analysis showed high chlorine levels associated
with the pitting. The pit walls are highly
cracked.

Fig. 6. A 25X SEM showing deep pits.
Fig. 9. A 8.000X SEM showing cracking at the
pit walls.
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The 3003 aluminum was severely pitted far
from the stainless steel joint regions (Fig. 10).

The best solution concerning pitting is to
avoid the use of materials that show any
tendency towards pitting during the corrosion
tests or in equipment service.

6061 aluminum showed little sign of
corrosion and 6063 aluminum should similar.

Fig. 10. An aluminum-to-stainless-steel roll-
bond transition showing pits in the 3003
aluminum.

Conclusions and Recommendations

Investigation of the pitting problem experienced
with the 3003 aluminum water connections lead
to the following conclusions and
recommendations, which were successfully
applied.

The water transition connections should be
made from 6063 aluminum (Fig. 11).

The 6063 aluminum should be electropolished
after fabrication. The aluminum system should
be electrically insulated from the stainless steel
system to minimize galvanic corrosion [3]. The
DI cooling water, the filtration, and the. DI
heating water should all be improved.

The protective oxide layer on the 6063
aluminum that was formed in service can be
seen in Figure 12.

Fig. 12. Uniform oxide formation on the water-
channel side of the 6063 aluminum component.
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Fig. II. An electrically insulated 6063
aluminum/water transition assembly.


