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Isostatic PressIsostatic Press



COLD ISOSTATIC PRESSING
- Placement of powder in flexible rubber mold
- Hydrostatic pressurization in chamber by water
- Most common pressure of 400 MPa 
- Automotive cylinder liner (typical application)

HOT ISOSTATIC PRESSING
- powder container is usually made up of high melting 

point sheet metal
- inert gas (pressurizing media)
- 100 MPa, 1100°C (common conditions)
- Compacts of 100% density, good metallurgical 
bonding, good mechanical properties (advantages)
- wider dimensional tolerances, greater cost & time 
(limitations)

COMPACTION - Pressure



HIGH ENERGY RATE TECHNIQUES
- Explosive or spark discharge methods are applied in 
closed die
- Short time & high pressures
- High punch & die wear, limited tolerances, high cost

VIBRATORY COMPACTION
- Simultaneous application of pressure & vibration
- Use of much lower pressures
- Complicated equipment design

CONTINUOUS COMPACTION
- Applied to simple shapes (rod, sheet, tube, plate etc)
- Flowing loose powder between a set of vertically 
oriented rolls at much lower speeds

COMPACTION - Pressure
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COMPACTION - Pressure

FORGING or EXTRUSION
• Canning of powder
• Heating or evacuation of sealed container followed by 

forging or evacuation
• Mechanical or chemical removal of container material
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SLIP CASTING
- Preparation of slip (powder suspended in liquid and 
additives)
- Keeping slip in mold made up of fluid absorbing 
material
- Formation of slip casting
- Removal of slip followed by drying operation

GRAVITY COMPACTION
- Pouring loose powder under the influence of gravity
- Sintering in die
- Porous parts ( no application of pressure)
- Widely used to manufacture metal filters

COMPACTION - Pressureless



(i) Slip is first poured into an absorbent mould
(ii) a layer of clay forms as the mould surface absorbs water
(iii)when the shell is of suitable thickness excess slip is poured away
(iv)the resultant casting

Slip-Casting



CONTINUOUS PRESSURELESS TECHNIQUE
- Application of power in the form of slurry

- Consolidation and drying

- Used to produce porous sheets for electrodes of 
nickel-cadmium batteries

COMPACTION - Pressureless
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(Left) Typical press for the compacting of metal powders. A removable die set (right) 
allows the machine to be producing parts with one die set while another is being fitted 

to produce a second product. 
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• Purpose - to increase strength & hardness of a green 
compact

• Carried out at a temperature below the highest melting 
constituent

• Furnaces may be either the electric resistance, gas 
fired or oil fired type.

• Principal variables – temperature ( generally within 70 
– 90% of the melting point of metal or alloy), time (10 
min. – 8 hours) & furnace atmosphere

• Sintering process is concerned with
– diffusion (surface of particles as temperature rises)
– densification (decreases porosity, increases particle 

contact area)
– recrystallization & grain growth (between particles 

at the contact area)

SINTERING



SINTERING

Solid state material transport Liquid state material transport

R – particle radius
r – neck radius
Ρ – neck profile radius









SOLID STATE TRANSPORT
- With rise in temperature bonding of two adjacent 
particles begins
- Heating of green compact above recrystallization 
temperature of low melting metal

LIQUID STATE TRANSPORT
- Carried out above the melting point of one of the 
alloy constituents or above the melting point of an 
alloy formed during sintering

SINTERING
Decrease in free energy due to decrease of surface area
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Sintering Production LinesSintering Production Lines
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1. Coining or pressing
- cold working process
- condensation of sintered product

2. Impregnation
- impregnation with heated oil (self lubricated 
bearings)

3. Infiltration
- placement of slug of  a lower melting point metal 
against the sintered part
- heating of assembly to melt the slug
- infiltration of molten metal by capillary action

4. Heat treatment

SUPPLIMENTAL OPERATIONS



DESIGN CONSIDERATIONS



DESIGN CONSIDERATIONS



BASIC RULES FOR THE 
DESIGN OF P/M PARTS

• Shape of the part must permit ejection from 
die

• Powder should not be required to flow into 
small cavities

• The shape of the part should permit the 
construction of strong tooling

• The thickness of the part should be within the 
range for which P/M parts can be adequately 
compacted

• The part should be designed with as few 
changes in section thickness as possible
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• Parts can be designed to take advantage of the 
fact that certain forms and properties can be 
produced by P/M that are impossible, 
impractical, or uneconomical by any other 
method

• The design should be consistent with available 
equipment

• Consideration should be made for product 
tolerances

• Design should consider and compensate for 
dimensional changes that will occur after 
pressing

BASIC RULES FOR THE 
DESIGN OF P/M PARTS



DEFECTS IN PM

• Improper density (green compact)

• Improper bonding (after compacting & sintering –
presence of foreign materials)

• Inhomogeneous properties (improper lubrication)
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ECONOMICS OF POWDER 
METALLURGY

• Competitive with casting and forging

• High initial cost

• Economical for quantities over 10,000 pieces

• Reduces or eliminates scraps
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ADVANTAGES AND DISADVANTAGES 
OF POWDER METALLURGY

Advantages
– Elimination or 

reduction of machining
– High production rates
– Complex shapes
– Wide variations in 

compositions
– Wide property 

variations
– Scrap is eliminated or 

reduced

Disadvantages
– Inferior strength 

properties
– High tooling costs
– High material cost
– Size and shape 

limitations
– Dimensional changes 

during sintering
– Density variations
– Health and safety 

hazards
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1. Cemented carbide cutting tools

2. Heavy duty brake pads

3. Magnetic cores for transformers

4. Antifriction bearings

5. Bulb filaments 

APPLICATIONS OF PM
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POWDER METALLURGY PRODUCTS

• Porous or permeable products such as bearings, filters, 
and pressure or flow regulators

• Products of complex shapes that would require 
considerable machining when made by other processes

• Products made from materials that are difficult to 
machine or materials with high melting points

• Products where the combined properties of two or more 
metals are desired

• Products where the P/M process produces clearly 
superior properties

• Products where the P/M process offers and economic 
advantage
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PROPERTIES OF P/M PRODUCTS
• The properties of P/M products depend on multiple 

variables
– Type and size of powder
– Amount and type of lubricant
– Pressing pressure
– Sintering temperature and time
– Finishing treatments

• Mechanical properties are dependent on density
• Products should be designed (and materials selected) 

so that the final properties will be achieved with the 
anticipated final porosity
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(Right) Comparison of 
conventional forging and the 
forging of a powder metallurgy 
preform to produce a gear blank 
(or gear). Moving left to right, 
the top sequence shows the 
sheared stock, upset section, 
forged blank, and exterior and 
interior scrap associated with 
conventional forging. The 
finished gear is generally 
machined from the blank with 
additional generation of scrap. 
The bottom pieces are the 
powder metallurgy preform and 
forged gear produced entirely 
without scrap by P/M forging. 

P/M forged connecting rods 
have been produced by the 
millions. (Courtesy of Metal 
Powder Industries 
Federation, Princeton, NJ.)



a

b

c

(a)Examples of typical parts made by 
powder-metallurgy processes. (b) Upper 
trip lever for a commercial irrigation 
sprinkler, made by P/M. This part is 
made of unleaded brass alloy; it 
replaces a die-cast part, with a 60% 
savings. (c) Main-bearing powder metal 
caps for 3.8 and 3.1 liter General 
Motors automotive engines.
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P/M MATERIALS
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SUMMARY

• Powder metallurgy can produce products 
out of materials that are otherwise very 
difficult to manufacture

• P/M products can be designed to provide 
the targeted properties

• Variations in product size, production rate, 
quantity, mechanical properties, and cost
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CONCLUSIONS

• P/M is a proven technology dating back 
centuries.

• By utilizing 97% original material, cost and 
energy are minimized

• Properties and dimensions are easily 
controlled.

• Wide variety of P/M applications which are 
still increasing
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P/M is so easy even a child can understand it.
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