
Polymer Processing
ÅPreshapingsteps:
ïSolids handling and conveying: most processes usually involve 

feed in particulate form 

ïPlastication: The creation of a polymer melt from a solid feed.

ïMixing: often required to achieve uniform melt temperature 
or uniform composition in compounds

ïPumping : The plasticatedmelt must be pressurized and 
pumped to a shaping device

ÅShaping:
The polymer melt is forced through the shaping devices to 
create the desired shape. 

ÅShape stabilization:
ïInvolves the solidification of the polymer melt in the desired 

shape, through heat transfer
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Polymer Processing



Forming and 
Shaping 

Processes

Figure extra Outline of forming and shaping processes for plastics, elastomers, 
and composite materials.  (TP, Thermoplastic; TS, Thermoset; E, Elastomer.)

3



Characteristics of Forming and Shaping Processes 
for Plastics and Composite Materials

  

Process  Characteristics 

Extrusion  Long, uniform, solid or hollow complex cross-sections; high production rates; low 

tooling costs; wide tolerances. 

Injection molding  Complex shapes of various sizes, eliminating assembly; high production rates; 

costly tooling; good dimensional accuracy. 

Structural foam molding  Large parts with high stiffness-to-weight ratio; less expensive tooling than in 

injection molding; low production rates. 

Blow molding  Hollow thin-walled parts of various sizes; high production rates and low cost for 

making containers. 

Rotational molding  Large hollow shapes of relatively simple shape; low tooling cost; low production 

rates. 

Thermoforming  Shallow or relatively deep cavities; low tooling costs; medium production rates. 

Compression molding  Parts similar to impression-die forging; relatively inexpensive tooling; medium 

production rates. 

Transfer molding  More complex parts than compression molding and higher production rates; some 

scrap loss; medium tooling cost. 

Casting  Simple or intricate shapes made with flexible molds; low production rates. 

Processing of composite materials  Long cycle times; tolerances and tooling cost depend on process. 
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Comparative Costs and Production 
Volumes for Processing of Plastics

    Typical production volume, number of parts 

 Equipment 

capital 

cost 

Production 

rate 

Tooling 

cost 
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Machining  Medium Medium Low        

Compression molding  High Medium High        

Transfer molding  High Medium High        

Injection molding  High High High        

Extrusion  Medium High Low *        

Rotational molding  Low Low Low        

Blow molding  Medium Medium Medium        

Thermoforming  Low Low Low        

Casting  Low Very low Low        

Forging  High Low Medium        

Foam molding  High Medium Medium        

Source: After R.L.E. Brown, Design and Manufacture of Plastic Parts. Copyright (c) 1980 by John Wiley & Sons, Inc. 

Reprinted by permission of John Wiley & Sons, Inc. 

*Continuous process. 
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Economic Production Quantities for 
Various Molding Methods

 Relative investment 

required Relative  Economic  

Molding method Equipment Tooling 

production 

rate 

production 
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Hand lay-up  

Spray-up  

Casting  

Vacuum-bag molding  

Compression-molded BMC  

SIVIC and preform  

Pressure-bag molding  

Centrifugal casting  

Filament winding  

Pultrusion  

Rotational molding  

Injection molding  

VL 

L 

M 

M 

H 

H 

H 

H 

H 

H 

H 

VH 

L 

L 

L 

L 

VH 

VH 

H 

H 

H 

H 

H 

VH 

L 

L 

L 

VL 

H 

H 

L 

M 

L 

H 

L 

VH 

VL 

L 

L 

VL 

H 

H 

L 

M 

L 

H 

M 

VH 

 

6



Extrusion
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Extrusion

This process can be compared to squeezing
toothpaste from a tube . It is a continuous process
used to produce both solid and hollow products that
have a constant cross-section : for example, a
window frame, hose pipe, curtain track, garden
trellis .

This extrusion is part of a window seal made from 
thermoplastic elastomer (TPE).
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Extrusion

ÅUsed mostly for thermoplastics
ÅProducts
ïPiping, tubes, hoses
ïWindow and door moldings
ïSheet and film
ïContinuous filament (spinning)
ïCoated electrical wire and cable

ÅElements
ïA hopper
ïA barrel
ïA screw
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Extruder

Figure 10.20  Schematic illustration of a typical extruder.  Source: Encyclopedia of Polymer 
Science and Engineering (2nd ed.). Copyright © 1985.  Reprinted by permission of John Wiley & 
Sons, Inc.

VIDEO
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Extruder

The die is 

not part of 

the extruder

Usually ~ 1 ï6 in. dia.

Up to 60 rpm

Flight clearance of 

only 0.002 in.

11



Extruder Equipment

Å Exit zone- die
ï die imparts shape on the material, e.g., rod, tube, sheet, channel
ï exit material is called extrudate
ï extrudate swells at end of die due to normal forces from the polymer flow, called die swell

Å Cooling zone
ï water bath or air cooled to lower the temperature below Tg

Å Auxiliary equipment 
ï puller
ï rollers for proper thickness
ï Wind-up or cut off

Die Swell
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Screw details

Ā Helical flights with space 
between them

Carries the polymer.

Flight land is hardened and 
barely clears the barrel.

The Pitch (distance the flight 
travels in one complete 
rotation) is usually about equal 
to the diameter.

pitch
tan

D
A

p
=
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The Single Screw Plasticating Extruder

Å Regions 1, 2, 3: Handling of particulate solids
Å Region 3: Melting, pumping and mixing
Å Region 4: Pumping and mixing 
Å Regions 3+4: Devolatilization (if needed)
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Annular (Tubular) Dies
In a tubular die the polymer melt exits through an annulus. These dies 
are used to extrude plastic pipes. The melt flows through the annular 
gap and solidifies at the exit in a cold water bath.
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Profile dies
Profiles are all extruded articles having cross-sectional shape 
that differs from that of a circle, an annulus, or a very wide 
and thin rectangle (such as flat film or sheet)
To produce profiles for windows, doors etc. we need 
appropriate shaped profile dies. The cross-section of a profile 
die may be very complicated
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Defects in Extrusion

Defects in Extrusion

ïMelt Fracture

ïSharkskin

ïBambooing
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Defects in Extrusion



Example Products
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Product Shaping / Secondary Operations

EXTRUSION

Shaping through 

die

Final Product (pipe, profile)

Preform for other molding 

processes

üBlow molding (bottles),

üThermoforming (appliance 

liners)

üCompression molding 

(seals)

Secondary operation 

üFiber spinning (fibers) 

üCast film (overhead 

transparencies, 

üBlown film (grocery bags)
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Secondary Shaping

Secondary shaping operations occur immediately 

after the extrusion profile emerges from the die. 

In general they consist of mechanical stretching 

or forming of a preformed cylinder, sheet, or 

membrane. Examples of common secondary 

shaping processes include:

ÅFiber spinning 

ÅFilm Production (cast and blown film)
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Fiber Spinning
Fiber spinning is used to manufacture 
synthetic fibers. A filament is 
continuously extruded through an 
orifice and stretched to diameters of 
100 mm and smaller. The molten 
polymer is first extruded through a 
ŦƛƭǘŜǊ ƻǊ άǎŎǊŜŜƴ ǇŀŎƪέΣ ǘƻ ŜƭƛƳƛƴŀǘŜ 
small contaminants. It is then extruded 
ǘƘǊƻǳƎƘ ŀ άǎǇƛƴƴŜǊŜǘέΣ ŀ ŘƛŜ ŎƻƳǇƻǎŜŘ 
of multiple orifices (it can have 1-
10,000 holes). The fibers are then 
drawn to their final diameter, solidified 
(in a water bath or by forced 
convection) and wound-up.
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Fiber Spinning

ÅMelt spinning technology can be applied to polyamide (Nylon), 
polyesters, polyurethanes and polyolefins such as PP and HDPE.

Å The drawing and cooling processes determine the morphology and 
mechanical properties of the final fiber. For example ultra high 
molecular weight HDPE fibers with high degrees of orientation in 
the axial direction have extremely high stiffness !!

ÅOf major concern during fiber spinning are the instabilities that 
arise during drawing, such as brittle fracture and draw resonance. 
Draw resonance manifests itself as periodic fluctuations that result 
in diameter oscillation.
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Cast Film Extrusion
Å In a cast film extrusion process, a thin film is extruded through a slit 

onto a chilled, highly polished turning roll, where it is quenched from 
one side. The speed of the roller controls the draw ratio and final film 
thickness. The film is then sent to a second roller for cooling on the 
other side. Finally it passes through a system of rollers and is wound 
onto a roll.

Å Thicker polymer sheets can be manufactured similarly. A sheet is 
distinguished from a film by its thickness; by definition a sheet has a 
thickness exceeding 250 mm. Otherwise, it is called a film.



Sheeting Dies
One of the most widely used extrusion dies is the coat-hangeror 
sheeting die. It is used to extrude plastic sheets. It is formed by the 
following elements:

ÅManifold: evenly distributes the melt to the approach or land region
Å Approach or land: carries the melt from the manifold to the die lips
Å Die lips: perform the final shaping of the melt.
Å The sheet is subsequently pulled (and cooled simultaneously) by a 

system of rollers
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Sheet and Film Extrusion

Die geometry (coat-hanger die) for extruding sheet

Schematic illustration of the production of thin film and 
plastic bags from tube first produced by an extruder and 
then blown by air.  
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Blown Film Extrusion
Å Film blowing is the most 

important method for producing 
Polyethylene films (about 90% of 
all PE film produced)

Å In film blowing a tubular cross-
section is extruded through an 
annular die (usually a spiraldie) 
and is drawn and inflated until the 
frost lineis reached. The extruded 
tubular profile passes through one 
or two air rings to cool the 
material.

ÅMost common materials: LDPE, 
HDPE, LLDPE



Polymer Extrusion

Research in the area of Polymer Extrusion was 

established in recent years at The Queen's 

University of Belfast, and was mainly funded 

through a number of very successful 

KTP Programmes.

A major strategy was to actively attract a cluster 

of programmes with polymer companies, which 

would then lead to fundamental research in this 

area.

This innovative policy has led to over twenty 

successful KTP Programmes in the general 

area of mono and co-extrusion, and further 

processing (blown film, tubes, sheet) of polymer 

especially for the food packaging and 

automotive industries. 
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Coextrusion
In coextrusion two or more extruders feed a single die, in which the 
polymer streams are layered together to form a composite extrudate. 
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Molding Processes

Molding techniques for polymers involve the formation of 

three-dimensional components within hollow molds (or 

cavities)

üInjection Molding

üThermoforming

üCompression Molding

üBlow Molding

üRotational Molding

30



Plastic Injection Molding

Åis a manufacturingtechnique for making parts from 
thermoplastic and thermoset materials 
ÅIn contrast to the extrusion (which makes continuous 

parts of constant cross section), injection molding 
make discrete parts (with complex and variable cross 
section)
ÅMolten plastic is injected at high pressureinto a 

mold, which is the inverse of the desired shape. 
ÅThe mold is made from metal, usually either steelor 

aluminium
Åwidely used for manufacturing a variety of parts, 

from the smallest component to entire body panels 
of cars
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Injection moulding
Process

Plastic powder or granules are fed from a 
hopper into a hollow steel barrel which usually 
contains a rotating screw. 
The barrel is surrounded by a jacket of 
heaters which melt the plastic material as it is 
carried along the barrel by the screw towards 
the mould. This part of the process is similar 
to the heating and compacting stages in the 
extrusion process. The screw is forced back 
as the melted plastic collects at the end of 
the barrel. Once a sufficient charge of melted 
plastic has accumulated a hydraulic ram 
forces the screw forward injecting the 
thermoplastic through a sprue into the mould 
cavity. The diagram (left) shows a typical 
injection moulding machine. This one is capable 
of exerting forces of up to 250 tonnes.  
Pressure is kept on the mould until the plastic 
has cooled sufficiently for the mould to be 
opened and the component ejected.

Injection moulding is a highly automated 
production process for producing large quantities 
of identical items. Granulated or powdered 
thermoplastic material is heated, melted and then 
forced under pressure into a mould. Once in the 
mould the material cools, forming a component 
that takes on the shape of the mould cavity. 
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Injection Molding

(c)

Figure 10.23  Injection molding with (a) plunger, (b) reciprocating rotating screw, (c) a typical part made from 
an injection molding machine cavity, showing a number of parts made from one shot; note also mold features 
such as sprues, runners, and gates.
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