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1 SCOPE. This specification covers a wide range of
parts that are produced by the powder metallurgy process
which consists of compressing and sintering certain metal
powders. In some cases, the parts have inherent characteristics
not obtainable by other methods of fabrication such as with
bearings where the porous structure permits self-lubrication,
with filters where pore size or permeability may be well con-
trolled, and with brake linings where temperature stability and
wear resistance may be built-in. In other cases the parts are
produced more economically such as with structural and func-
tional parts whose shape would otherwise requite costly
machining operations and high scrap loss.

1.1 The metals most commonly used in powder metallurgy
are iron, copper, and tin; and to some extent lead. Nickel,
nickel-silver, brass, stainless steel and other metals are also
used. In some cases, small additions of carbon are used to
increase hardness and strength or to achieve other desirable
properties. The addition of certain other alloying elements
increases the hardenability when parts are heat treated. Pure
iron, or special alloys of iron may be used to achieve magnetic
properties. Certain non-metallic materials are sometimes mixed
with the metal powders to enhance frictional characteristics, to
facilitate compression and ejection of the compacted part from
the die, or to serve as a lubricant or anti-galling agent in the
finished part.

2 REFERENCED STANDARDS.
ASTM E9

3 APPLICATIONS.

3.1 BEARINGS. Sintered metal powder bearings are used in
the automotive industry for such applications as door hinges,
clutch pilot shafts, generators, distributors, windshield wipers,
and transmission thrust washers.

3.1.1 Generally speaking, the iron-base bearings are used for
higher stress and slower speeds; whereas the copper-base prod-
ucts are preferred when corrosion resistance and minimum
lubrication are primary factors.

3.2 STRUCTURAIL. AND FUNCTIONAL  PARTS.
Examples of sintered metal powder parts commonly used in
the automotive industry are oil pump gears, shock absorber
pistons, rod guides, suspension bearings, automatic transmis-
sion backing plates, valves, and brake linings.

3.2.1 Other applications include all types of spur gears, cams,
and other parts for household appliances, industrial machinery,
and farm equipment.

3.2.2 Examples of parts which incorporate low magnetic
properties are AC relay cores and pole pieces for DC electric
motors.

3.2.3 Parts with prescribed porosity, permeability, or flow
rate to pressure drop relationship include filters, breathers,
flame arresters, diffusers, wicks, and metering devices.

4 CLASSIFICATION.

4.1 GM CLASSIFICATION. There is an infinite variety of
properties available in the field of powder metallurgy. Only the
more common compositions and densities are covered by GM,
national and trade association standards. Normally each speci-
fication covers a basic composition with one or more
combinations of physical properties (referred to as Type). In
some cases a choice is given of 2 or more variations in compo-
sition which are based on the addition of carbon to achieve
specific properties (referred to as Classes).

4,2 MPIF CLASSIFICATION. The Metal Powder Industries
Federation (MPIF) publishes specifications for materials with
the more common compositions and mechanical properties.
The density is given as one of the typical values and is not
considered a requirement of the specification. The nomencla-
ture for designating a P/M material consists of a prefix letter
code, a 4 digit code, followed by a suffix digit code.

4.2.1 The prefix letters refer to the general type of material.
For example CZ denotes copper (C) and zinc (Z) which is
known as brass. The prefix letter codes are given below:

A Aluminum N  Nickel

C Copper P Lead

CT Bronze S  Silicon

CNZ Nickel Silver SS Stainless Steel
(prealloyed)

CZ Brass T Tin

D Molybdenum R  Titanium

F Iron U  Sulfur

FC Copper Iron or Steel Y  Phosphorus

FN  Nickel Iron or Steel Z Zinc

G Free Graphite

M  Manganese

4.2.2 The 4 digit code following the prefix letters refers to
the composition of the material. For nonferrous materials the
first 2 digits denote the composition range of the major alloy-
ing element and the last 2 digits denote the composition range
of the minor alloying element. In the case of ferrous materials,
the first 2 digits denote the composition range of the major
alloying element and the second 2 digits refer to the composi-
tion range of the % combined carbon.

4.2.3 The suffix letter code refers to the minimum value X10?
psi of the 0.2% offset yield strength for as-sintered structural
materials, ultimate tensile strength for heat treated (quench and
tempered) structural materials, and minimum strength factor
(K) for bearing materials.
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4.2.4 As an example, the material designation code for a par-
ticular copper steel is:

MINIMUM YIELD
STRENGTH x 10°

¥

MAJOR ALLOYING
ELEMENT

TJj\ﬁQP

e QD
ELEMENT
0211-001<10/92>
FIGURE 1

The material contains Fe (F) as the basic element, 1.5 to 3.9%
of the major alloying element Cu (C), and 0.3 to 0.6% carbon.
The material has a minimum yield strength of 35 x 10° psi in
the as sintered condition. The material designation code for the
same material except heat treated is:

ULTIMATE TENSILE
STRENGTH x 103

-

FC - 0205 - 70HT

0211-002¢10/92>

FIGURE 2

This material has a minimum ultimate strength of 70 x 10° psi
in the quench and tempered condition.

4.3 Table 1 contains all current GM numbers with their
nearest equivalent MPIF specification. A more comprehensive
listing of common sintered metal powder materials may be
found in MPIF Standard 35, Materials Standards for P/M
Structural Parts, and Materials Standards for P/M Self-
Lubricating Bearings.

5 P/M PROCESSES.
5.1 IMPREGNATION. Impregnation is the process of filling

the pores of a part with oil or a plastic resin. Oil is used pri-
marily for self-lubrication parts or bearings; plastic resins may
be used to:

a. Effect pressure tightness,

b. Seal porosity as a pretreatment prior to plating, and

¢. Provide an uninterrupted surface for machining.
Impregnation improves tool life and surface finish.

5.1.1 Two basic techniques are used for oil impregnation:

a. The parts are immersed in hot oil for a period varying
between 30 minutes and several hours depending
upon the size, shape, and type of part.

b. The parts are immersed in oil under vacuum in some
suitable vessel.

The latter method ensures the removal of air pockets from
within the component. In the case of plastic impregnation, only
the vacuum technique is employed.

5.2 INFILTRATION. Infiltration is a process in which the
residual interconnected porosity in an iron-base P/M part is
filled with a metal of lower melting point. The infiltrant, nor-
mally copper or a copper-base alloy, is placed in contact with
the part and the two are heated above the melting point of the
infiltrant. In the liquid state the infiltrant is drawn into the
interconnected porosity of the part by capillary action. The
major disadvantage of the process is that it may result in some
loss of dimensional accuracy.

5.2.1 The process has the following advantages:

a. Improved mechanical properties. Higher tensile
strength and hardness values, together with improved
impact and fatigue resistance, are obtained as a result
of infiltrating the part.

b. Elimination of porosity. The sealing effect resulting
from the filling of interconnected porosity eliminates
problems associated with electrolyte entrapment in
plating or gas permeation in heat treatment.
Infiltrated parts can usually be used in most applica-
tions requiring pressure tightness.

5.3 HEAT TREATMENT. P/M parts are porous and thus
provide more surface area in any metal/gas reactions proceed-
ing during heat treatment. In carbonitriding, case depth is
considered the depth to which the particle hardness exceeds
HRC 50. In any given set of heat treating circumstances, the
depth of carburization or decarburization will increase with
decreasing density. Provided that the proper care is taken to
maintain the appropriate carbon potential, carbon-bearing iron-
base P/M parts can be heat treated by conventional quench-
hardening methods. It should be noted that the porous material
will, on cooling, absorb some of the quench medium, perhaps
resulting in some minor problems during tempering or further
treatment. The absorption of fluids by the porous materials
usually precludes the use of liquid salt bath treatments.

5.4 MACHINING. Machining characteristics of P/M materi-
als are different from those of wrought materials of similar
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