
• 2 Midterm Exams- 40 %

• Pop-quizes-10 %

• Final Exam- 50 %
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MME 3518

POWDER METALLURGY



COURSE MATERIAL

• Lecture Notes
• G.S. Upadhyaya, Powder Metallurgy Technology

Suggested Readings
• S. A. Tsukerman, Powder Metallurgy
• R.M. German, Powder Metallurgy Science
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Every lecture attanence

Make-up exams definitely will not be easier than the regular exams!

If you have sensitivity about your final grade, I may have advices to 
you in the beginning of the course.  At the end of the course, I will not 
be able to help you.

No smart-phone usage during lecture
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Definition of Powder Metallurgy

• Powder metallurgy may defined as, “the art and 
science of producing metal powders and utilizing them 
to make serviceable objects.”       

OR

• It may also be defined as “material processing 
technique used to consolidate particulate matter i.e. 
powders both metal and/or non-metals.”

OR

• is a process whereby a solid metal, alloy or ceramic in 
the form of a mass of dry particles is converted into an 
engineering component of predetermined shape and 
possessing properties which allow it to be used in 
most cases without further processing. 



• Powder metallurgy is a forming and fabrication 
technique consisting of three major processing 
stages. 
– First, the primary material is physically powdered, 

divided into many small individual particles.

– Next, the powder is injected into a mold or passed 
through a die to produce a weakly cohesive structure 
(via cold welding) very near the dimensions of the 
object ultimately to be manufactured. 

– Finally, the end part is formed by applying pressure, 
high temperature, long setting times during which self-
welding occurs.
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Powder Metallurgy (PM) 

Metal processing technology in which parts are produced
from metallic powders

 PM parts can be mass produced to net shape or near net shape,
eliminating or reducing the need for subsequent machining

 PM process wastes very little material ~ 97% of starting
powders are converted to product

 PM parts can be made with a specified level of porosity, to
produce porous metal parts

 Examples: filters, oil-impregnated bearings and gears

 Certain metals that are difficult to fabricate by other methods
can be shaped by PM

 Tungsten filaments for lamp bulbs are made by PM



Basic steps of the Powder Metallurgy Process.
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A collection of powder metallurgy parts.

PM Parts





Connecting Rods:

Forged on left; P/M on right
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Powdered Metal Transmission Gear
 Warm compaction method with 1650-ton press

 Teeth are molded net shape: No machining

 UTS = 155,000 psi

 30% cost savings over the original forged part



Industrial Machines Parts



For Electric Motors



PM vs. Other Fabrication Methods
(casting, stamping or machining)

• PM is the choice when requirements for strength, wear 
resistance or high operating temperatures exceed the 
capabilities of die casting alloys.

• PM offers greater precision, eliminating most or all of 
the finish machining operations required for castings. 

• It avoids casting defects such as blow holes, shrinkage 
and inclusions. Powder injection molding is coming out 
as a big challenge for investment casting. 

• However the PM process is economical only when 
production rates are higher, since the tooling cost is 
quite appreciable



• The powder metallurgy methods starts with powders and the 
properties of the manufactured parts depend to a large 
extent on the properties of the initial powders.

Amongst powder properties, composition, size, form and 
structure of particle, specific surface, porosity and volume 
characteristics, fluidity, strength, hardness, permeability 
regarding liquids and gases, electric conductivity, 
compressibility and sinterability are of great importance in 
powder metallurgy. 

Metal powders consist of separate small bodies—the so-
called particles—from 0.1 µ up to several millimeters in size. 

• In the majority of powders the size of particle varies from 
several microns to 0.5 mm. 
Particles usually have internal pores, cracks and impurities. 



• Particle shape is widely varied and determined by the 
methods of production; the desired particle size is 
obtained by regulating the conditions of manufacture. 
Particles are divided according to their shape into three 
basic groups: 

(1 ) hair or needle-shaped, the lengths of which considerably 
exceed their other dimensions; 
(2) flat (flakes or leaves) whose length and breadth are many 
times greater than their thickness; 
(3) equiaxed, which are roughly identical in all dimensions. 



Powders of the same chemical composition, but with different 
physical characteristics, are sharply distinguished by 
technological properties, i.e. by their behaviour during 
processing. 

Production methods and the fields of application for powders 
are determined with powder properties (shape,size)

Example: copper powder with particles in the form offtakes 
(flat) up to 1 µ thick and up to 50µ in diameter are used only 
as a pigment since any articles made from it contain cracks 
after pressing.

Copper powder with particles of spherical form (globules) 
from 100 to 700µ in diameter is pressed only at very high 
pressures. 

A powder with irregularly shaped particles, so called 
dendritic, 40-45µ in size is easily pressed even at low 
pressures. 



























POWDER FABRICATION 
METHODS











It is a mechanical method for powder production, where the initial material 
is pulverized without any change in chemical composition. Reduction of 
particle size is beneficial for sintering, which depends on diffusion of atoms.

Most common milling method is ball milling
- Generally balls are used for milling. Hardness of the balls must be equal or

greater than the hardness of the powder will be milled.
- Amount and size of the balls are critical for the final powder size.
- Wet or dry milling can be applied.
- From balls or barrel impurities may added to the powder
(milling time and ball hardness)

Milling


