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SELECTION AND USE OF GRAY CAST IRON
(NOT A PART OF THE SPECIFICATION)
GM30M

1 DEFINITION AND CLASSIFICATION. Cast iron
has been defined by the American Society for Testing
Materials as an alloy of iron, carbon, and silicon in which the
carbon is present in excess of the amount that can be retained
in solid solution in austenite at the eutectic temperature. When
cast iron contains a specially added element or elements in suf-
ficient amounts to produce a measurable modification of the
properties of the section under consideration, it is called alloy
cast iron. Sulfur, and phosphorus, as normally obtained from
raw materials, are not considered as alloy additions.

1.1 Cast iton may be further subdivided into strength classifi-
cations. Soft gray iron is widely used for parts whete wear is
no problem and high machinability is required. Castings con-
forming to specification GM14M are in this class. A stronger
group of irons having tensile strengths to 240 MPa would
include products conforming to GM13M and GM220M. Still
higher strength cast irons are produced. Foundries are regu-
larly making castings of 345 MPa tensile iron and for special
castings this tensile strength might be increased to as high as
480 MPa.

2 USES. Cast iron is used in almost every type of
machinery produced today. The automobile cylinder block,
cylinder heads and manifolds are made of gray cast iron.
Machinery bases, press dies, plow points, soil pipe, flywheels,
fixtures, and sand pumps represent only a few of the many
uses of cast iron where it was selected because of 1 or more of
its varied properties.

3 COST.  Gray cast iron is the cheapest of the cast fer-
rous materials. Not only is the material itself cheaper, but
because of its excellent casting properties such as fluidity, or
ability to fill the mold, and low shrinkage it is less costly to
manufacture. However, as the strength requirements are
increased the cost also increases. This is due to the use of
expensive alloys, the need of more risers which increase mold-
ing and cleaning cost, and the need for more metal to insure a
sound casting. Another increase in cost for the finished part
would be the increased machining cost since increased tensile
strength and hardness is reflected in more difficult machining.

4 MICROSTRUCTURE OF CAST IRON. Cast iron
may be considered as a mixture of graphite and steel, the
mechanical properties of which are dependent upon the size

and distribution of the graphite and microstructure of the
matrix. The graphite flakes break up the continuity of the
matrix; thus lowering strength, ductility, notch sensitivity and
indicated hardness, as well as increasing wear resistance and
vibration absorbing capacity and improving machinability.

4.1 There are 5 distribution patterns for graphite according to
an ASTM classification, but only 3 are usually found in gray
iron castings; these being Type A - uniform distribution, ran-
dom orientation; Type B - rosette groupings, random
orientation; and Type D - interdendritic segregation, random
orientation. Usually all 3 types may be found in each casting
due to difference in cooling rate throughout the casting.
Because of the effect of graphite on the properties, it is desir-
able that it be uniformly distributed throughout the matrix. In
high strength irons, or where wear resistance is of primary
importance, Type A graphite is usually desired.

4.2 Eight sizes of graphite flakes are listed by the ASTM,
varying in length from 1.5 mm or less to 100 mm or more
when magnified to 100 diameters. Again, since the graphite
breaks up the continuity of the matrix the size of the graphite
is extremely important. Generally, the size of the graphite is
dependent upon the cooling rate of the casting, with slowest
cooling causing the increase in size. This is partly responsible
for the so called mass effect of cast iron. Castings of different
section thickness will not possess uniform strength and hard-
ness throughout the casting. The thinner section having a faster
cooling rate will normally be harder and stronger than the
heaviest section.

4.3 The metallographic structure of the matrix is also impor-
tant. It may be assumed that the properties of the matrix are
equivalent to a steel having the same structure. Thus a pearlitic
matrix will be quite strong as compared to a ferritic matrix.
Other properties of the final cast iron will also be affected by
the type of metallographic structure. Where cementite or iron
carbide is present in large amounts an extremely hard iron is
produced.

5 MECHANICAL AND PHYSICAL PROPERTIES.

The mechanical properties of cast iron are determined by the
microstructure which in turn is a function of the chemical
composition and section size. The relationship of some of
these properties in irons of various strength levels is shown in
the accompanying table.
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MPa MPa MPa Tension Torsion N
150 570 180 65-95 27-39 8230
180 670 220 88-102 32-41 9690
215 750 275 90-113 36-45 11 230
250 850 335 100-120 40-48 12 680
295 970 390 110-140 44-54 14 120
360 1130 500 130-160 50-55 16 000
430 1290 610 140-160 54-59 16 500

NOTE 1: Strength of 30.5 mm dia bar, 457 mm span.

5.1 Listed below is a description of how each microcon-
stituent affects the mechanical and physical properties:

A. GRAPHITE. Graphite breaks up the continuity of the
matrix thereby decreasing strength, hardness, and
ductility. It improves machinability, sliding wear
resistance, and damping characteristics.

B. FERRITE. Ferrite is soft, ductile, and readily machin-
able but has poor wear resistance.

C. PEARLITE. Pearlite (exists in most gray irons) is
stronger than ferrite with fairly good machinability
and good wear resistance.

D. CEMENTITE. Cementite is extremely hard and brit-
tle. Its presence as free cementite is usually
associated with difficult machining.

E. STEADITE. Steadite (a ternary eutectic of alpha iron,
iron phosphide and cementite) is hard and brittle. If
present in large amounts, it weakens the iron and
causes difficult machining. In some cases wear resis-
tance is improved by the steadite.

5.2 Since each micro-constituent plays such an important part
in determining the properties of the metal it would be desirable
on some special applications for the specification to be based
on microstructure rather than chemical analysis. Thus for a
high strength iron, a Type A graphite, Size 4 to 6, would be
desirable since the graphite would be relatively small and ran-
domly dispersed. To limit amounts of graphite, a max total
carbon would be specified. If the casting is to be used in the as
cast condition the matrix would be specified as fine pearlite
with a limiting amount of free ferrite or free cementite.
However, before such a specification could be written, the
designer would have to be certain that the part was of reason-
ably uniform section size so that the mass effect would not
result in a large amount of graphite and ferrite in the heavier
sections. In other applications, the chemistry must be consid-
ered since certain alloys have a definite effect on maintaining
uniform composition throughout various section sizes, as is
mentioned under the heading Alloys, below.

made of alloy cast iron. This is especially true where irons of
over 240 MPa tensile are required or where heat is a problem
(for example, diesel engine valve seats). Listed here are the
more commonly used alloys and their effect on the properties
of the castings.

A. SILICON. Although this element is present in all cast
iron it is listed here because of its powerful effects on
the properties of the iron. Silicon is a graphitizer, i.e.,
it causes the cementite present in cast iron to break
down into free graphite and ferrite. Other factors
equal, an increase in silicon results in a softer and
weaker iron.

B. CHROMIUM. The effect of chromium is opposite to
that of silicon. It is a carbide stabilizer. For that rea-
son it is used where heat is an important factor since
it slows the break down of the combined carbon. A
soft ferritic structure will be changed to a pearlitic
structure by the additions of small amounts of chro-
mium and the graphite flakes will be of more uniform
size. Small amounts of chromium therefore increase
strength, hardness, resistance to wear, resistance to
heat and oxidation, and reduce machinability.

C. VANADIUM. This is a strong carbide forming ele-
ment. It also decreases the grain size of the matrix,
the size of the graphite, and increases impact proper-
ties.

D. MOLYBDENUM. The use of molybdenum resuits in
a finer pearlite than would be present without it. It
increases tensile strength and impact properties. It
also refines the graphite flakes.

E. COPPER. This is a graphite forming element but
much weaker in this respect than silicon. It refines
the pearlite and hardens the matrix. Because of this it
improves wear resistance and increases tensile
strength.

E. NICKEL. This is also a graphitizer, about 1/2 as
strong as silicon. It greatly reduces free carbides and
only mildly reduces the carbide in pearlite. As a
result machinability is improved and, if the composi-

6 ALLOYS. Many of the castings produced today are tion is properly adjusted, tensile strength is increased.
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