Aluminum: The Corrosion Resistant
Automotive Material
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= Key Characteristics of Aluminurh

Aluminum offers a wide range of properties that can
be engineered precisely to the demands of specific
automotive applications through the choice of alloy,

temper and fabrication process. To name only a few of

its advantages, aluminum offers:

Strength -- Some aluminum alloys and tempers
approach or surpass the strength of steel. The ultimate
tensile strength of carbon steel is about 60 ksi. Alumi-
num, to cite a few examples, achieves tensile strengths
of 45 ksi for alloy 6061-T6; 49 ksi for 2036-T4; 52 ksi
for 7016-T5; and 62 ksi for alloy 7029-T6. Alloy
7178-T6 has a tensile strength of 88 ksi; some alumi-
num alloys can be heat-treated to strengths approach-
ing 100 ksi.

Light weight -- Aluminum weighs about 35 percent as
much as steel by volume: 170 pounds per cubic foot of
aluminum, versus 490 pounds per cubic foot of steel.
Aluminum auto parts save weight directly and also
indirectly through redesign of other parts.

High strength-to-weight ratio - Aluminum’s
strength-to-weight ratio is much higher than that of
steel: often double, or more. This property of alumi-
num has been a key factor in development of the aero-
space industry, and it offers the same advantages to
auto designers seeking high performance and fuel
efficiency.

Resilience -- Aluminum can deflect under impact and
spring back, providing flexible strength and shape
retention. But aluminum alloys can also be formulated
and treated to maximize stiffness.

Corrosion resistance -- Aluminum does not rust away
on exposure to the environment like steel; its natural
oxide coating blocks further oxidation. The chance of
galvanic corrosion can be minimized by appropriate
choices of alloy and design.

Forming and fabricating -- Aluminum can be formed
and fabricated by all common metalworking methods
including casting, stamping, forging, bending, extrud-
ing, cutting, drilling, punching, machining and finish-
ing -- often more easily than steel.

Joining -- Aluminum can be joined by all common
methods including welding, soldering, brazing, bolts,
rivets, clips, adhesives, clinching, and slide-on, snap-
together or interlocking joints.

Crashworthiness -- Aluminum absorbs crash energy
more effectively than steel or plastic, providing more
protection to auto passengers; it is non-combustible

" and it does not strike sparks.

Cold-resistance -- At low temperatures, aluminum
does not embrittle; it gains strength, and is often used
for cryogenic applications.

Recyclability -- Aluminum has substantial scrap value
and a well established market for recycling, provid-
ing both economic and environmental benefits.

Thermal conductivity -- Aluminum conducts heat,
transferring it by direct physical contact, about 1.8
times better than copper, pound for pound. This makes
aluminum an excellent heat exchanger material in both
heating and cooling applications. Aluminum heat
exchangers are widely used in automotive radiators, air
conditioning systems and similar equipment.
Aluminum’s heat-exchanging efficiency also provides
advantages for intake manifolds and other engine parts.

Reflectivity -- Smooth aluminum is highly reflective of
the electro-magnetic spectrum, from radio waves
through visible light and on into the infrared and ther-
mal range. It bounces away about 80 percent of the
visible light and 90 percent of the radiant heat striking
its surface. The high reflectivity gives aluminum a
decorative appearance; it also makes aluminum a very
effective barrier against thermal radiation, suitable for
use in automotive heat shields.
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Use of the information

Any data and suggestions contained in this publication were compiled
andlor developed by The Aluminum Association, Inc. In view of the
variety of conditions and methods of use to which such data and
suggestions may be applied, the Aluminum Association and its
member companies assume no responsibility or liability for the use of
information contained herein. Neither the Aluminum Association nor
any of its member companies give any warranties, express or
implied, with respect to this information.
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-Introduction

Automotive aluminum use has been growing for years
(from an average 87 pounds per car in 1976 to 145
pounds in 1987), mainly to cut weight and raise fuel

economy. Each pound of aluminum used can reduce -

vehicle weight as much as 2.25 pounds. Auto frames
and bodies can make further use of aluminum’s
unique combination of strength, light weight, crash-
energy absorption, and resistance to heat, cold, and
environmental corrosion.

As new car prices increase (they doubled between
1978 and 1983), durability and corrosion resistance
take on new importance. Buyers want vehicles that
will retain their appearance and keep a high resale
value. And that's something aluminum can provide,
as auto makers offer longer warranties against
component failure and body rust-out.

Unlike steel, aluminum -- even unpainted and
uncoated -- resists corrosion by water and road salt; its
use can avoid the substantial extra costs of galvaniz-
ing. coating and painting steel. And aluminum doesn’t
rust if paint is scratched or chipped. Nor is it
weakened or embrittled, as some plastics may be, by
desert heat, northern cold, or the ultraviolet radiation

in sunlight. For its new delivery vans, the U.S. Postal
Service specified aluminum bodies designed to last 24
years!

~ Finally, when a car must be scrapped aluminum is

readily recycled, providing both economic and envi-
ronmental benefits.

Aluminum, with its wide choice of alloys and
tempers, offers high quality and a wealth of advantages
to automotive engineers developing the creative new
car designs of the future.

Coca- Coca- ColaCola Coke USA Coke

Documents


http://www.avadocuments.com/doc/aa-1980
http://www.avadocuments.com/doc/aa-1980

AA T17 BN 0OLO4500 0DO9481 730 M

Designing for -
Durability

Uncoated aluminum

In normal environmental exposure aluminum does not
rust away as steel does. An aluminum surface oxidizes
on exposure to air, but this differs from the oxidation
of steel in two important ways:

® Unlike oxidation of steel, aluminum oxide is tran-
sparent and invisible to the unaided eye. It does not
develop red rust on the aluminum or anything in
contact with it.

® Unlike steel rust, aluminum oxide clings tightly to
the surface of aluminum. It does not flake off, expos-
ing fresh surfaces to further oxidation; instead, it forms
a protective film that blocks progressive deterioration.

With this natural corrosion resistance, the aluminum
bodies of many commercial motor vehicles, rail cars
and aircraft are unpainted; aluminum has proven dura-
bility in such applications.

Coatings

Although it performs well without them, aluminum is
an excellent substrate for paints and other coatings,
often applied for esthetic reasons, and sometimes for
additional corrosion protection. Adhesion can be maxi-
mized by appropriate pre-treatments or undercoats.

Anticorrosion enhancement

In automotive applications, appropriate designs and
precautions can protect aluminum against the most
likely enemies: crevice, poultice, and galvanic
corrosion.

Unprotected crevices at mating surfaces may collect
and retain moisture which may form a pathway for cor-
rosive electric currents. Measures that eliminate or seal

crevices, and designs that shield them from splash
greatly reduce the risk of corrosion.

Surface accumulations (“poultices™) which retain
moisture promote corrosion in much the same way as
crevices. Metal surfaces should be designed to shed
dirt and liquids; permanent contact between metal
surfaces and absorptive materials should be avoided. If
these measures are insufficient or impossible, the
metal may be given a protective coating.

When dissimilar metals are held in contact in the
presence of moisture, galvanic corrosion is possible.
Aluminum is anodic to steel and most other common
metals, except zinc and magnesium, and so is
vulnerable to this type of corrosion. Protection is
afforded by keeping bimetallic junctions dry, and by
separating dissimilar metals with coatings or other in-
sulators. Anodizing also combats galvanic corrosion by
thickening the protective aluminum oxide film.

Coca- Coca- ColaCola Coke USA Coke

Documents

[


http://www.avadocuments.com/doc/aa-1980
http://www.avadocuments.com/doc/aa-1980

