
6.3 
Processing Techniques



Extrusion



Behavior of an Amorphous Thermoplas9c Material

462

• operaIon T close to degradaIon onset o`en requires addiIon of stabilising addiIves (anIoxidants)

• extrusion-based approaches exploit the viscous nature of polymers
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Behavior of a Semicrystalline Thermoplas9c Material

463

• operaIon T close to degradaIon onset o`en requires addiIon of stabilising addiIves (anIoxidants)

• extrusion-based approaches exploit the viscous nature of polymers
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Opera9on Principles of Extrusion

464

• o{en used for plas9c formula9ons, i.e. mixing of polymer with addi9ves followed by granula9on 
(generally a 2-screw system is required: twin screw extruder)

• processing technique for obtaining (semi-)finished products by a conInuous process 
• two main elements: a plas9cizing system unit and a die

motor

hopper

screw die 
(here annular)

pressure on the order 
of 100 to 200 MPa

cylindrical 
barrel

pressure 
mixing forming
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• conveying of solid pellets and pushing 
towards the die by rotaIon of Archimedes’ 
screws (feeding zone) 

• melIng/plasIcizaIon by fricIon and 
external heaIng (compression zone) 

• homogenizaIon/mixing (pumping zone) 

• pressure generaIon 

• shaping by the die

basic opera9on steps



Main Categories of Extrusion Products
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profiles tubes cable sheaths plates and sheets

texIle fibres hollow objects 
(by extrusion blow molding)

granules 
(polymer + addiIve)

• techniques for plas9c formula9ons, ogranules, plates, hollow preforms, injec9on molding, blow 
molding, infla9on, thermoforming, and post-calendaring are all dependent on extrusion



Polymer State in the Barrel

466

• pressure builds up un9l flow rates along the screw and through the die become equal

• polymer granules pass from their solid phase into the melt state when pushed towards the exit zone
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total flow rate die flow

Extruder Flow

467

• the opera9ng point gives the flow rate and pressure of the extruder 
depends on rotaIon speed, N, screw diameter, D, channel height, H, screw length, L, thread angle, , and viscosity,   

• die geometry & temperature are decisive for a good compromise between flow rate and energy cost 
θ η

• goal: a maximum total flow rate, , for a minimised pressure difference, , to minimize the 
energy consumpIon by the screw drive
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Flow Instabili9es

468

• crucial for product quality; requires careful adjustment of polymer proper9es by addi9ves (i.e. lubricants)

• parIcular importance of processing temperature because of its influence on viscosity
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important screw types twin screws other screw geometries

The Screw

469

• most important element of the extruder 
• generally characterised by a body diameter that increases from the back to the front

SAXTON screw 
(low pressure loss, 

improved transport)

PINEAPPLE screw 
(beper flow, 

no flow line breaks)

OMD-Rheotec screw 
(beper mixing, 

less plasIcizaIon)

PULSAR screw 
(liple breakage, 

more reorientaIon)

STRATA screw 
(liple breakage, 
reorientaIon)

COHEN screw 
(improved melIng 

and mixing)

3-zone screw

degassing screw

barrel screw



straight dies square dies

The Die

470

• for extrusion of profiles, tubes, or plates
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extruder screw

mandril

mandril

centering
fins

• for plas9c infla9on, extrusion blow 
molding, cable sheathing

vacuum

example: cable sheathing



infla9on of thin sheets 
(plasIc bags)

calendering

Post Transforma9on

471
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extrusion blow molding granula9on

Post Transforma9on

472

extruder

die

chopper



InjecIon



Injec9on Molding

474

• Main applicaIon in automobiles, electronics, roboIcs, aerospace, phones, household appliances, medical…

• manufacturing of a piece in series 
• great design freedom compared to other processing techniques 
• however, limited to the less rigid plasIc materials (hardly compaIble with fiber reinforcement)



Injec9on Molding for Automo9ve Parts

475
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injec9on cycle (<< 1 min)

Steps of Injec9on Molding

476

• injec9on molding relies on fast cycle 9mes
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Control Parameters

477

• an injec9on machine consists of the plas9ciza9on unit (extruder, dosing zone, outlet valve), mould, 
and control system for mould closing

important parameters

• temperature of the extruder zone 

• recoil of the screw (determines the volume of the 
material to be injected) 

• rota9on speed of the screw 

• pressure and speed of injec9on (determining the 
filling quality of the mold) 

• pressure and holding 9me for controlling the 
material supply (the material contracts upon 
solidificaIon)

the machine



product fabrica9on polymer tes9ng

The Mould

478

• typically made from hardened steel, pre-hardened steel, aluminum, and/or BeCu alloy 
• simple single cavity mold: 3’000–4’000 CHF (medium/complex mulI cavity molds > 100’000 CHF)
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injec9on points flow profile 
(“fountain” flow)

Filling and Solidifica9on in the Mould

479

• strongly stretched chains just behind the flow front, pressed against the walls, oriented in flow direc9on 
• without flow, we observe a spheruli9c structure (see Chapter 3.3)

• opImised energy consumpIon per part requires to limit injecIon temperature and pressure and to 
increase the injecIon rate as much as possible
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Orienta9on-dependent Mechanical Behaviour

480

• without flow, we observe a spheruli9c structure (see Chapter 3.3)

• shear stresses appear elsewhere when the flow is non-isothermal, leading of differently oriented layers

highly oriented 
= anisotropic behavior, 
briule in flow direc9on

skin layer core layer
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pressure profile variaIons pressure and holding Ime

Effect of Pressure

481

• pressure and holding 9me for compensa9on of materials shrinkage during crystalliza9on 
(conInued materials injecIon; dilataIonal expansion as the pressure diminishes)

• pressure at the mould entrance equals that induced by the piston, but deviaIons in parts far away 
from the injecIon point
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effect of maintained pressure

Effect of Shrinkage

482

• it is a challenge to op9mize the 9me at the holding pressure for the en9re piece

• shrinkage is more pronounced in semicrystalline polymers

PVT diagram (amorphous) PVT diagram (semicrystalline)



part design mould design design for sIffness

Design

483

• design for mouldability, s9ffness, impact, appearance, precision

• the mould is expensive and must be get right already at the first try (simulaIon tools exist!) 

design for appearance

• mechanical behavior (sIffness, impact)  

• thermal behavior  (sIffness, creep) 

• chemical resistance (material selecIon) 

• cosme9cs (surface finish, color, gate 
locaIon, ribs, weld line) 

• mouldability (wall thickness, flow 
length, gaIng …) 

• assembly  (screws, welding , bonding…) 

• pain9ng  

jeâng



Other Processing Techniques



thermoformed products

Thermoforming

485

• mass produc9on of small and light parts with high precision (also used for mulI-layer sheets and others…)

• shaping of thermoplasIc sheets (e.g. calendared) by the acIon of vacuum, pressure, and an imprint 
• process usually carried out from the rubbery state (well suited technique for amorphous polymers) 

3D thermoforming thermo-lamina9on

mulI-layer barrier linersrigid food containers

sheet

film
heated counter mould

mould

pressingheated counter mould

mould

molded tray



Rota9onal Moulding

486

• pro: lightweigt & inexpensive moulds, large and complex product dimensions possible, no welding, regular 
thickness, opIon for several layers of different colors, compliant with glass fibre reinforcement 

• contra: limited accuracy & materials choice, thick walls needed, materials loss at the opening of ca. 10%

• for closed hollow objects produced in a heated mould that can be rotated around two orthogonal axes:



Calendering

• calendering: lower formulaIon cost, higher flow (up to 5’000 kg/h), accurate thickness (error 2-3%), waste 
generaIon (1%), thickness range (> 50 µm), but 4-Imes more expensive purchase & maintenance costs  

• extrusion: higher formulaIon cost (anIoxidants), max flow only up to 500 kg/h, thickness variaIon 5–10%, 
waste generaIon (10%), sheet thickness 5–50 mm

487



Fiber Spinning

• requires high melt elas9city and strain-at-break above the solidifica9on temperature 
• winding speed determines degree of orienta9on, morphology, and hence mechanical performance 
• important for various synthe9c fibers: LDPE, HDPE, UHWMPE, iPP, nylons, polyester, polyurethanes…
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3D Prin9ng

• very accessible & emerging technology (almost same price as tradiIonal printers) for very complex shapes 
• possibility of incorpora9ng different materials (e.g. reinforcing fibers) 
• enormous poten9al for miniaturiza9on as well as for biological systems (“printed” organs)
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Exam
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up to 12 mul9ple-choice ques9ons (only one answer is correct)

4 out of 6 longer ques9ons need to be answered

wriuen exam

Wednesday,   January 22,   915 – 1215

CE1101
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