
Introduction to extrusion



Single screw extruder



• Extrusion
– a process for the continuous production of plastic 

products
– Usually have a constant cross-section
– Compounding, pipe, sheet, coated wire, fiber, profile, 

tubing
• Injection molding

– a process for the discontinuous production of plastic 
parts

– Usually do not have a constant cross-section
– Reciprocating screw



Single screw

Determines the stability of the process and the quality of the product.
need to improve mixing performance



Functions of an extruder

• Conveying
• Heating and melting
• Mixing
• Die forming
• Degassing



Conveying

Determined by the machine(screw,die) geometry, operating conditions, 
the flow properties of the plastic.

In the barrel, due to drag forces between the plastic and the barrel
In the die, due to the pressure developed by the screw



Shear rate

Roughly equals to the screw rpm



Heating

Frictional and viscous heat generation is a transformation of 
mechanical energy from the extruder drive into thermal energy 
to increase the plastic temperature.

Heat from heating elements
The frictional and viscous heat generation  with the plastic



Melting mechanism

Clearance is 1/1000 of 
the barrel diameter

Clearance determines 
the melting rate



When the barrel temperature increases

• the amount of heat for melting from the barrel 
heater increases

• higher barrel temperature reduces the viscosity
• viscous heat generation is reduced

Counter effect exists



Melting mechanism
Melting length, 
10-15 diameters

Melting length 
2-3 diameters 
for twin screw



Melt temperature distribution

Recirculating flow non-uniform mixing
non-uniform temp.

Need efficient mixing device to 
improve the melt quality



Mixing

Splitting & 
reorientation

High stress & 
elongational 
stress

(twin screw)



Die design

Uniform flow, if not, thickness variation
uniform temp, if not, distortion
land length reduces from middle to the side
fine tuning: mechanical, thermal



Die design

Die swell & melt fracture



Degassing

Vent port: partially filled, zero-pressure
Downstream has larger conveying capability than upstream to prevent 
vent-up.



Twin screw extrusion



Twin screw elements



Screw configuration



Melt temperature and pressure



Why SPC in polymer processing?



Melt fracture



Operations



Operations



Operations



Operations



Important process parameters

• Extrudate dimensions
• Diehead pressure
• Barrel pressure
• Motor load
• Screw speed
• Take-up speed
• Power consumption
• Cooling rate
• Barrel and die temperature
• 50-100 process parameters



Important material properties

• Bulk density
• Compressibility
• Friction coefficient
• Melting point
• Stabilizer level and type
• Specific heat
• Thermal conductivity
• Additives
• Rheological properties QC



Temperature control
• Typical process temp

– 50C above the melting temp for semicrystalline polymer
– 100C above the glass transition temp for amorphous

• Keep temp high to reduce melt viscosity and make the 
material easily processible

• Keep temp low to reduce degradation
• Keep feed throat temp low to avoid premature heating 

– As it causes the plastic to stick to the wall, resulting in lower output 
and unstable flow

• To keep the dieheat pressure fluctuation minimum
• To keep the melt temp variation minimum


