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EXTRUSION 
Extrusion  
    is used for processing most types of 

thermoplastics and rubbers. The extrusion 
process is a simple process in which molten 
polymer is forced through a shaped die 
using pressure. The pressure is generated 
from the action of screw rotation against 
barrel wall. 

 The compoents of an extruder include: 
 Drive 
 Gearbox and Thrustbearing 
 Feedhopper 
 Barrel 
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EXTRUSION 

Screw  

 The basic functions of the screw are: 

 (1) To transport the polymer from the feed  

         hopper to the extruder outlet.  

 (2) To bring about the melting of the 

polymer. 

 (3) To carry out any mixing required during 

         the process. 

 (4) To generate a stable and homogeneous  

         supply of polymer melt. 
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EXTRUSION 

L/D ratio of screws usually in the 
region of 20:1 - 30:1.  

A typical single-stage screw consists 
of three regions: 

 (a) The Feed Zone 

 (b) Compression Zone  

 (c) Metering (pumping) Zone 
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EXTRUSION 

Breaker plate - A breaker plate is located at the 
front end of an extruder between screw and 
die. The main purpose of the beaker plate is 
to support wire mesh filters, this screening 
out dirt or forien sunstances that may have 
mixed with the polymers. 

Die - Die is attached to the extruder via an 
adaptor, the adaptor also being used to 
change the direction of the flow. The 
geometry (size and shape) and final 
properties of polymer products are 
considerably influenced by die design.  
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Description of extruders 
In general, extruders are described in terms of: 

 Screw (outside) diameter - typically 25mm to 300mm. 

 The type of materials they processes, e.g. 
thermoplastics or rubber.  

 The compression ratio of the screw are 4:1 for PE 
screw and 1:1 for a rubber screw. 

 The L/D (length/diameter) ratio of the screw, this 

typically being 25:1 to 35:1 for a thermoplastics 

extruder and 12:1 to 20:1 for a rubber extruder, 
where: 

L
Dratio

useful flighte length of the screw

screw diameter
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Description of extruders 

 

Ancillary equipment 
 Calibration or sizing 

 Cooling system 

 Haul-off units 

 Reel-up system  
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Analysis of polymer flow in 
extruders 

Examinations of polymer flow occurring inside 

an extruder are usually focussed on the 
following topics: 

 (a) Solid transport in the feed section 

 (b) Melting machanism in the extruder 

 (c) Polymer melt flow in the flights of a screw 
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Solid transport in the feed 
section 

    In the feed section of the extruder screw, the 

feeding of the solid polymer is controlled by 

a balance of forces. I n practice the flow 

rates along the three sections of the screw 
should be equal, that is: 

        

       Qfeed = Qcompression = Qmetering 
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Melting machanism in the 
extruder  

 Melting is not instantaneous. 
 The onset of melting does not occur 

immediately the polymer enters the 
extruder barrel.  

 The energy for melting comes from two 
sources (external and ineternal)  

 Melting starts at the interface between the 
solids bed and the barrel. 

 Gradually the thickness of the melt film 
increases until being wiped off the surface 
of the barrel by the advancing screw flight 
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Melting machanism in the 
extruder 

 As the melt pool develops the solids bed 
becomes narrower, the height of the bed 
being maintained.  

 Eventually, the solid bed breaks up and the 
melting process is complete. 

 Factors affecting the melting process 
 (a) Channel depth 
 (b) Barrel temperature 
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Melting machanism in the 
extruder 

     (c) Flow rate 

 (d) Screw speed 

 (e) Tapered channel 

 (f) Number of channels 

 (g) Flight clearance  
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Polymer melt flow in the flights 
of a screw  

    In this analysis, a number of assumptions are 
made in the derivation as follows: 

 The fluid is Newtonian 
 The flow is isothermal. 
 There is no slippage at the barrel wall. 
 The screw is running full of fluid. 
 The channel is shallow in comparison with its 

width. 
 The fluid is incompressible. 
 The flow pattern is fully developed and laminar. 
 The effect of gravity can be neglected. 
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Anaylsis of flows in the 
extruder 

Total flow = Drag flow - Pressure flow - Leak 
flow 

Drag flow 
 
 
where  Qd is the output of the flow 
    D2  is the screw diameter  
    H  is the channel depth of the screw 
    N  is the screw rotation speed 
         is helix angle 

HNDQd  cossin22
2

1
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Anaylsis of flows in the 
extruder 

Factos affecting the drage flow include: 
 screw diameter screw speed  N 
 channel depth H 
 helix angle 
Pressure flow 
     
 

where dP is the pressure drop along the 
extruder 

  dl is the length of the flow path  

Q
DH dP

dlp 










 



3 2

12

sin



25 23/08/55 

Anaylsis of flows in the 
extruder 
Factors affecting the pressure flow include: 

screw dimension, with dependence on channel depth 
cubed 

pressure gradient 

fluid viscosity.           

Leak flow  
 

where        the depth of the slit 

 e is the width of the screw flight 

However leak flow is small compared with drag flow and 
pressure flow and may be neglected in finding total flow. 
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Total flow in Extrusion 

 
 
 
 

   This is a somewhat cumbersome expression, 

which for practical purposes is simplified. 

For a given extruder l, D, H and   are all 
fixed, and total flow is obtained by: 
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Total flow in Extrusion 

 
 
 
 
 

   The practical variables for operating the 
extruder are, screw rotation speed , head 
pressure and melt viscosity. 
 
 

Q N
P
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Screw, die and material 
characteristics in extrusion 

 Important!!! that correct die and 
screw are used because of 
influencing the properties of the final 
products.  

 The characteristics in extrusion 
involve: 

 screw characteristics 
 die characteristics 
 material characteristics 
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Screw characteristics  

Maximum output 
 

Minimum output 
Q Q D N H max sin cos1

2
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Screw characteristics 

Q

P

Pmax

Qmax

Screw characteristics (Maximum Q and P) 
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Relationship between the 
output and pressure  

Q KP
R

L
P 
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Relationship between the 
output and pressure 

    From the equations of screw and die 

characteritics and the equation of output-

pressure relationship, it can be seen that the 

operating point (all the lines) can be shifted 
depending on the following: 

 Screw rotation speed (N)  

 Die dimensions  

 Polymer viscosity  
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Relationship between the 
output and pressure 

Q

P

Die 1

Die 2

Screw 1 Screw 2

Different configurations of the screw and die 
 characteristics 
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Material characteristics  

 Elastic and viscous components 

 Deborah number (Ndeb) - Involving 

the determination of material 

relaxation time (tm) and processing 
time (tp). 
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Material characteristics 

 If the Ndeb value is less than unity the process 
dominantly viscous 

 if the Ndeb value is larger than unity the process is 
dominantly elastic.  

 For example, a polymer having a viscosity value of 
105 Nsm-2 and modulus of 103 Nm-2 undergoes an 
extrusion process for 10 seconds. The polymer will 
behave elastically.  

 Elastic effects - Die swell, Sharkskin and Melt 
fracture. 

 Viscous effects - Temperature rise and Chemical 
reactions related degradation. 
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