Chapter 10 - Powder Methods of Change of Form
Power metallurgy - the process of compacting metal powders in suitable dies and sintering them.

· Net shape parts of fairly complex shape can be produced economically
· Competitive with casting, forging and machining
· Good dimensional accuracy and size; from balls for ball point pens to parts weighing 200 lbs.

· Parts such as

· Self lubricating bearings impregnated with oil

· Break pads with embedded ceramic fibers

· Machine tool cutting instruments; cermets (ceramic-metals) higher heat absorption 

· Commonly made out of iron, copper, aluminum, tin, and nickel

Order of operation: Powder production, blending, compacting, sintering, finishing

1. Powder Preparation
· Crushing – Ball mill is used to reduce brittle material such as ceramic and glass into a powder.

· Grinding - Metal can be ground under a water spray or in an inert gas atmosphere so that it does not oxidize. 

· Plating - Plating it onto a temporary surface then scraping it off. 

· Atomization - melt dropped through a hole with an inert gas blown through it to form powder. 

Screening - separation of power into certain sizes. Too small particles may be difficult to handle, too large of particles may not display the desired structures.
2. Blending - mixing several powders of different sizes, a dry lubricant or an antioxidant for uniform compaction. (done carefully to avoid explosions)
· Can add lubricants- do not stick to mold walls

· Can add binders- so green strength is adequate 

· Can add sintering aids- acceleration of densification upon heating

3. Compaction- bringing the materials into required shape
Briquetting - Compression of powder in the die cavity from both the top and the bottom.
Roller Compaction - compacted between two rollers to produce sheet or plate stock. 

Extrusion Compacting - powder packed into a mild steel tube, then forced through a die.

4. Sintering - the process of heating compressed powdered metals to below its melting point but high enough to allow bonding of individual particles.  

· Used for materials such as ceramics and cermets that cannot be melted and cast by other methods. 
5. Finishing of Sintered Parts
Infiltration - Because powder-formed parts can be very porous, other materials can be placed in the voids to enhance the properties of the product.
· Prevents moisture penetration

· Lowers frictional properties

Impregnation - Impregnating the sintered part with oil to create a “self lubricating” bearing.

Sizing - forcing the part through a finish die to provide dimensional accuracy
Advantages

· Wide range of mech. & phys. properties

· Parts made from high melting point metals

· High production rates on relatively complex parts

· Good dimensional control

· Impregnating and infiltration

Limitations
· Size of parts, complexity of shapes of parts

· High cost of powdered metal compared to other materials

· High tooling cost for small production runs

· Lower strength and ductility than forging
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