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Disclaimer

The guidelines, suggestions and any data in this book are
based on information believed to be reliable and are offered
in good faith but without guarantee. The endless varieties
of conditions and possible methods of use cannot be
accurately predicted and adequately covered. Accordingly,
the Aluminum Association and its member companies
assume no responsibility or liability for the use of these
data and suggestions. No warranty, express or implied, is
made of this information by the Aluminum Association or
by any of its member companies.

Third Edition, 1990
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All Aluminum Association published standards, data, specifications and other material are reviewed at least every five years and
revised, reaffirmed or withdrawn. Users are advised to contact the Aluminum Association to ascertain whether the information in
this publication has been superseded in the interim between publication and proposed use.
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1. Introduction

Aluminum is naturally attractive and resistant to
corrosion. Unlike most other metals, it takes care of
itself. When exposed to dry or moist air it combines
with oxygen to form a tough, transparent, protective
oxide coating. In the presence of moisture, aluminum
will not rust as will steel but under certain conditions
aluminum will stain. Such stains are usually found

objectionable for esthetic reasons; they have no
significant effect on strength but may cause
processing problems where additional surface
finishing or fabrication is to be performed. Virtually
all staining problems occur during shipping, handling,
or storage. Some of the incorrect practices that result
in water staining and ways to minimize or avoid the
staining are discussed in this pamphlet. A handy wall
chart outlining the measures to minimize water
staining is provided with this pamphlet and is
reproduced as Appendix 1.

\

2. Causes of Water Stain

Aluminum and other metals can stain when water is
trapped between wraps, sheets or other mating
surfaces. If there is no air flow to remove the water,
prolonged contact between the water and the metal
causes a reaction between the two which results in
water stain. Figures 1 and 2 show examples of water
staining on aluminum coiled and flat sheet,
respectively. There are two main sources of this
water:

A. External Sources

Obvious sources are rain, snow and water leaks.
Water coming in contact with the surface of the
aluminum from sources such as a leaking tarp on a

truck or a leaking roof in a storage area has the
potential for causing water stain.

B. Moisture Condensation

This is the more complex of the two sources and
therefore harder to understand and control.

Air normally contains moisture in the form of
invisible water vapor. Relative humidity, expressed
as a percentage, provides a measure of the amount of
water vapor actually in the air compared to the total
amount of water vapor that the air can hold. As the
temperature of air increases, its capacity to hold
water vapor increases.

Dew point is the temperature at which water vapor
from the air begins to condense and is affected by the
relative humidity and temperature of the air. The dew
point can be determined from a chart (see Table 1),
based on simple measurements of air temperature and
relative humidity. The instruments used to measure
temperature and relative humidity are shown in

Figure 1—Water stain on aluminum coil
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Figure 3—Typical thermometer and hygrometer to de-
termine dew point

Figure 3. Thermometers containing mercury
should not be used because mercury from broken
thermometers can corrode aluminum and other

metals. Some suppliers of these instruments are listed -

in Appendix 2.

Water vapor condenses on the surface of a metal if
the temperature of the metal drops below the dew
point of the surrounding air. A familiar example of
condensation is the fogging of one’s eyeglasses upon
entering a warm room after being in the cold
outdoors. Another common example is condensation
on a cold glass as shown in Figure 4, As mentioned
before, when the temperature of aluminum drops
below the dew point of air, water comes out of the air
and deposits on the surface of the aluminum. The
temperature of the aluminum can drop below the dew
point of the air under the following circumstances:

1. During Storage:
When storing metal, it is not recommended to
leave warehouse doors open especially during the
spring and fall months, when there are extreme
differences in temperature between day and night.
During the night, cold air enters and starts cooling
the metal. During the day, if the temperature and
humidity of the air increase rapidly, the dew point
rises quickly. But, the temperature of the
aluminum increases at a much slower rate; this
sets up the condition where water begins to
condense on the surface of the aluminum,

Obviously this process is not limited to fall and

spring months, but may occur whenever there are
large enough fluctuations in temperature and
humidity.

2. During Loading:
Loading metal removed from a cool or cold
storage area into a warm trailer or railroad car, on

Figure 4—Moisture condensation on glass

a humid day, can resuit in condensation on the
aluminum. This can occur during any season of
the year; however, for some areas it may be more
pronounced in summer.

. During Unloading-Moving Cold Metal Into Warm

Storage:

Condensation at the unloading point is more likely

to occur during the cooler months. The following

example may help to clarify this point:
Metal at 16°C (60°F) in a warehouse is loaded
into a trailer and shipped. The metal is in transit
for about two days. The outside temperature is
—1°C (30°F). Within a two-day transit period, the
temperature of the metal gradually decreases to
—1°C (30°F).When the aluminum reaches its
destination, it is unloaded and moved directly
into a warehouse where the temperature is 16°C
(60°F) and the relative humidity is 50%. From
Table 1, the dew point of the air is 5°C (41°F).
Since the temperature of the aluminum is now
lower than the dew point of the air, conditions
are ideal for water to condense on the surfaces
such as the edges of stacked sheet or coils. The
condensed moisture can enter between the
sheets and wraps by capillary action, and may
produce water stain.
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