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1 GENERAL. The cast copper base alloys consist of rel-
atively few families or alloy types which have become
standard through the years because of their excellent attributes
for particular applications. Within each alloy type, many com-
mercial modifications exist. Those most commonly used by
the automotive and related industries are shown in Table 1
with the general characteristics and typical uses of each. Table
2 lists the typical physical properties of these same alloys.

Information applicable to both wrought and cast copper alloys
may be found in the Selection and Use of Wrought Copper
Alloys published elsewhere in these standards.

2 TYPES OF CAST ALLOYS.

2.1 Tin bronzes are predominantly copper plus tin. Variations
containing up to 4% of zinc and 2% lead have been used for
pumps handling sea water, some acids, salt solution, and oils.
Excellent worm gears are made from tin bronze containing 8%
or more tin, Up to 2% nickel may be added for other types of
gears. An alloy of 88 Cu, 5 Sn, 5 Ni, 2 Zn is heat treatable to
provide higher strength. (Typical properties: 585 MPa tensile
strength, 415 MPa yield strength, 8% elongation, and Brinell
185.) ‘

2.2 High lead tin bronzes are produced by adding lead to
amounts equal to or more than the tin content. These are used
for bearing applications where a combination of wear resis-
tance and good anti-friction properties are desired.

2.3 Leaded red brasses are alloys of copper, tin, lead, and
zinc. They are the most widely used of all cast copper alloys
and are satisfactory for a great many applications, including
water pumps, small gears, fittings, and valve bodies.

2.4 Aluminum bronzes (alloys of copper, aluminum, iron,
and, in some modifications, nickel) are used extensively for
structural applications. Their excellent resistance to corrosion
leads to their use in sulfide bearing environments and sea
water. Some aluminum bronzes may be heat treated to quite
high strength, (Typical properties: 725 MPa tensile strength,
415 MPa yield strength, 5% elongation, and Brinell 220.)

2.5 Leaded yellow brasses, containing copper, lead, and more

than 20% zinc, are inexpensive free machining general pur- -

pose alloys.

2.6 High tensile brasses, also known as manganese bronzes,
are alloys of copper, aluminum, manganese, iron, and zinc.
They are higher in strength than most of the cast copper alloys.
In addition, they are readily cast and possess fairly good corro-
sion resistance.

2.7 Special purpose alloys with exceptional corrosion resis-
tance include silicon bronze, silicon brass and copper-nickel.
3 EFFECT OF ALLOYING ELEMENTS AND
IMPURITIES.

3.1 ZINC. Added to copper as a predominating alloying con-
stituent, in amounts of 5 to 40% to form alloys known as

brasses. These groups are called leaded red and semired, sili-
con, yellow, and high strength yellow brasses. Zinc imparts
strength. It is completely soluble in copper, forming a solid
solution except in such cases as in high strength yellow brasses
in which a duplex type of structure is obtained. Smaller
amounts of zinc up to 5% are used in tin bronzes to tighten up
the structure and aid in producing sound castings for pressure
work. Zinc is not considered a very detrimental impurity in
most alloys. However, it is generally kept to below 5% in bear-
ing bronzes because large amounts would tend to impair
bearing qualities.

3.2 TIN. Added to copper in amounts of 5 to 20% to form a
series of alloys known as tin bronzes and leaded tin bronzes.
While the copper-tin constitution diagram shows that it is pos-
sible to have approximately 16% tin in solid solution at 520 C,
the presence of a hard constituent (alpha-delta copper tin
eutectoid) develops in the range of 6 to 8% tin because of
deviation from true equilibrium conditions. The tin strengthens
and hardens copper, making it tough and resistant to wear and
increases its corrosion resistance. Smaller amounts of tin are
used in leaded red and semired brasses for increasing the
strength of such general utility alloys. Tin is not generally
harmful as an impurity except in high tensile manganese
bronze, where it is limited to 0.2%. It is generally felt that in
this alloy, tin lowers the strength and ductility.

3.3 LEAD. Added alone to copper in large amounts of
around 35% for automotive bearings and agricultural and air-
craft gear pumps. In practically all other cases, it is added to
copper base alloys as an additional alloying element. Small
amounts of lead up to 1.5% increase machinability without
important decreases in strength. Larger amounts of 5 to 25%
increase machinability greatly, and, in tin-containing alloys,
increase antifrictional qualities, however, with reduction of
strength.

3.4 ALUMINUM. Added to copper as a predominating
alloying constituent to form a series of high strength alloys
known as aluminum bronzes. It is soluble in copper to the
extent of about 9.5%. It is added to high strength yellow
brasses in varying amounts, being a very necessary part of the
high tensile alloy. Aluminum, when present as an impurity, has
very detrimental effects upon high leaded bronzes, causing
lead sweating and unsoundness during solidification. It is also
considered detrimental in the nonleaded tin bronzes, causing
unsoundness.

3.5 IRON. Added to copper alloys as a strengthening constit-
uent for silicon, aluminum, and manganese bronzes. It
combines with aluminum or manganese or both to form hard
compounds. These compounds imbed themselves into the
matrix to give the alloys wear resistance. Iron, when present as
an impurity, is not desirable since it forms hard spots and is
detrimental to machining.

3.6 PHOSPHORUS. Added to copper and copper alloys
principally as a deoxidizer. It is added to bronzes in greater
amounts than necessary for purely deoxidization consider-
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ations to improve hardness and wear resistance, particularly in
chill mold castings.

3.7 NICKEL. Added to bronzes as an alloying constituent
for refining the grain and toughening the alloy. It is also used
in amounts up to 15% for nickel brasses to displace that
amount of zinc. In this alloy, it promotes strength, corrosion
resistance, and whiteness. Nickel is added to some of the high
tin gear bronzes to provide improved wear characteristics.
When present as an impurity, it does not have detrimental
effects; and most specifications permit approximately 1%.

3.8 SILICON. Added to copper as an alloying constituent to
form copper-silicon alloys. These alloys have high corrosion
resistance, high strength, and toughness. Small amounts of sili-
con are used as deoxidizing elements. When silicon is present
as an impurity, it is extremely detrimental in leaded tin
bronzes, promoting unsoundness and lead sweating.

3.9 BERYLLIUM. Added to copper together with small
amounts of cobalt or nickel as an alloying constituent to form
a series of precipitation-hardenable beryllium-copper alloys.
When hardened, these are the strongest of the known copper
alloys. They are used for plastic molds, resistance welding
electrodes, welding gun components and nonsparking tools.
Beryllium, though rarely present as an impurity has the affect
of increasing fluidity and decreasing electrical conductivity in
most of the copper alloys.

3,10 MANGANESE. Used primarily as an alloying constitu-
ent for high-strength alloy brasses, where it forms compounds
with other alloying elements such as iron and aluminum. It is
also used, to some extent, for deoxidizing. It is not considered
very detrimental as an impurity.

3.11 CHROMIUM. Added to copper as an alloying constitu-
ent to produce a precipitation-hardening type alloy, which in
the heat treated condition, has mechanical properties far
exceeding that of copper at a slight sacrifice of the electrical
conductivity. Heat treatment develops a nominal hardness of
120 Brinell and a nominal electrical conductivity of 80%
IACS. The alloy in the heat treated condition is useful for
resistance welding electrodes where high electrical conductiv-
ity coupled with strength and hardness values superior to
copper are desired. Chromium is generally not present as an
impurity.

3.12 ANTIMONY. Rarely added to copper alloys. When
present as an impurity, it is not considered very detrimental in
amounts up to 0.5%. If present in greater amounts, it does tend
to decrease physical properties.

4 GENERAL INFORMATION. This standard was
issued in August 1976. The latest revision was an editorial
change in April 1989.
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