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Research activities
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o Evaluation of the property/structure relationships of polymeric materials, including innovative 
materials from renewable or recycled sources.

o Valorization of agro-industrial waste for the production of high-performance biocomposites.

o Development of innovative formulations for blends and composites tailored for various 
applications using different processing technologies (twin-screw extrusion, injection molding, 
compression molding, 3D printing, cast extrusion).

o Formulation of bioactive coatings for surface treatments or edible coatings for fruits and 
vegetables to ensure specific properties on substrates made of different materials.

o Optimization of process parameters for primary and secondary polymer transformation 
operations to enhance the thermo-mechanical properties of the final products.

o Testing of the mechanical, technological, and thermal properties of polymers and composites 
following standard or customized procedures for the f inal application. Particular attention is 
dedicated to mechanical properties, interphase adhesion, plasticity, creep, fatigue, and fracture 
mechanics.
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Definition

From polymers…to plastics!



More than a substance, 
plastic is the actual idea 
of infinite transformation

Roland Barthes

Plastics
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“

Polymers are made up of macromolecules, i.e. molecules that are flexible and enormously long 
compared to the size of the individual monomers that make them up.
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How to pass from polymer synthesis…



…to achieve good plastics?
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Thermoplastics Polymer Processing

• Polymer processing is defined as the ‘‘engineering activity 
concerned with operations carried out on polymeric 
materials or plastic systems to increase their utility’’. 

• Primarily, it deals with the conversion of raw polymeric 
materials into finished products, involving not only shaping 
but also compounding and chemical reactions leading to 
macromolecular modifications and morphology stabilization, 
and thus, ‘‘value-added’’ structures.

• The conceptual breakdown is that to obtain a plastic item, 
the base polymer(s) undergo two thermomechanical 
experiences: 

• 1) Compounding, Blending or Reactive Processing 

• 2) Structuring and Shaping

• The products of the first bullet point are value added and 
microstructured pellets, while the second is used 
primarily for fabricating finished products. 

• The important elementary steps for each experience, and 
the physical mechanisms that affect them, are different, 
because of the different objectives in each.
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Polymer Processing – Elementary steps

• Subsequent to an operation involving solids handling, 
the polymer must be melted or heat softened and 
mixed with all the necessary additives. 

• Often this is the slowest, and hence the rate-
determining step in polymer processing, severe 
limitations are imposed on attainable melting rates by 
the thermal and physical properties of the polymers, in 
particular, the low thermal conductivity and thermal 
degradation. 

• The former limits the rate of heat transfer, and the latter 
places rather low upper bounds on the temperature and 
time the polymer can be exposed.

• Typically, these operation must be achieved in 
EXTRUDERS
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Polymer Processing - Structuring

• The final objective in the field of polymer processing is 
undoubtedly shaping polymer products. 

• The selection of the shaping method is dictated by product 
geometries and sometimes, when alternative shaping methods 
are available, by economic considerations.

• The molten stream of polymers flowing through dies or 
into cold molds and it is rapidly cooled to form the solid-
product shape. 

• As a consequence of the rapid cooling, the retained orientations 
in plastic products impart specific anisotropic properties to the 
product and, in the case of crystallizable polymers, special 
property-affecting morphologies. 

• The ability to affect the final product properties is called 
structuring, which involves many disciplines, and it can be 
designed to impart extraordinarily different and beneficial 
properties to plastic products.
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PLASTIC MOLDING PROCESSES



Current polymer processing practice
• The elementary steps, as well as the shaping operations, are firmly based on the principles of transport phenomena, fluid & solid 

mechanics, heat & mass transfer, polymer melt rheology, and mixing principles. These principles provide the basic tools for 
quantitatively analyzing polymer processing (obviously having basics of physics and chemistry of polymers). 

• Recently, to the ‘‘classical’’ polymer 
processing, engineering analysis and 
process simulation have been 
introduced and optimized. 

• Many improvements and new 
developments have led to today’s diverse 
arsenal of sophisticated polymer 
processing machines, methods and 
polymer systems of ever-increasing 
complexity and variety. 

• The future of the field is pushed by the 
demands of predicting, a priori, the final 
properties of processed plastics or 
polymer-based materials via simulation, 
based on first molecular principles and 
multiscale examination. 
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Polymer rheology
…to be remembered forever and ever…

“
“
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• The shear rate (γ) - shear stress (τ) relationship can be described by the general equation:

• Graphically this relation is a curve of shear stress as a function of shear rate. The four basic types of time-independent fluids are 
shown in the figures below.

• It must be emphazised that these types 

are an idealization of the real flow 

behavior of fluids. 

• Most polymer solutions and melts 

exhibit shear thinning. They belong to 

the class of pseudoplastic materials, 

• For polymer melts, shear-thickening 

or dilatant behavior is rarely observed.

Flow Behavior



Polymers: Shear thinning behavior

• Shear thinning occurs because of rearrangements in the fluid microstructure in the plane of the applied shear. 

• It is frequently seen in dispersions such as suspensions and emulsions, including melts and polymers.

Polymers
With chain like

macromolecules

Molecules are coiled, 

entanglements

Deformation in shear direction, 

disentanglements

At rest                                   when shearing  



Focus on Polymers: shear thinning behavior
• The observed shear thinning of polymer melts and solutions is caused by disentanglement of polymer chains during flow. 

• Polymers with a sufficiently high molecular weight are always entangled (like spaghetti) and randomly oriented when at rest. When 

sheared, however, they begin to disentangle and to align which causes the viscosity to drop. 

• The degree of disentanglement will depend on the shear rate. At sufficiently high shear rates the polymers will be completely 

disentangled and fully aligned. In this regime, the viscosity of the polymer melt or solution will be independent of the shear rate, i.e. 

the polymer will behave like a Newtonian liquid again.

• The same behavior is true for very low shear rates; The viscosity at infinite slow shear is called zero shear rate viscosity (η0). 



Processing: Typical values of shear rate
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Primary Processing, a typical example

Extrusion manufacturing process

In general, the Extrusion is a manufacturing process by which a heated material is pushed 

through a die of  the desired cross section. 

• In the plastics industry, the diameters of  

twin-screw extruder screws range from 12 

mm to over 400 mm, with production 

capacities ranging from 0.250 kg/h to over 

50,000 kg/h. 

• Segmented screws convey and shear the 

materials processed in channels delimited by 

screw flights and barrel walls, with short 

mass transfer distances.



EXTRUDERS FOR THERMOPLASTICS
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• On a single screw extruder one screw rotates in the barrel. It is possible to obtain different geometries so it can be used in 

different applications. In particular, it is mostly used for processing thermoplastic into semi finished products.

• Pressure generation and material conveying are the most important functions of this kind of extruders. This, single screw 

extruders usually have an increasing diameter from the hoppers to the die, in order to generate greater pressure. Because of 

having only one screw, the mixing is very poor consequently they cannot be used for extrusion compounding.

SINGLE SCREW EXTRUDER

Resultado de imagen de single screw

Single screw 

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjU7aq_2KDSAhVDXBoKHWRcALAQjRwIBw&url=http://www.jigarindustries.com/screws.htm&bvm=bv.147448319,d.ZGg&psig=AFQjCNH76JVIEWOn9cVJC8ZsLGqNTbjcww&ust=1487749341856187


Our interest: Twin-screw extrusion

It is the main technique to achieve the extrusion compounding process, which implies the addition of  fillers, plasticizers and 

other additives to a polymeric matrix to achieve a material which meets the final requirements for every application.  

The goal of  this lesson hence is to make a broad description of  the extrusion process and the main parts of  the machine. 



Screws

• Two identical screws that rotate in parallel in the same direction. 

• The material goes alternatively from one screw to the other and thus mixture 

is more homogeneous than in counter-rotating screw extruders. 

• Screw configuration, barrels and feeders are designed depending on the kind of  filler, 

fibre, polymer, percentages of  each component.

• These type of  screws are usually used in long extruders, with a high L/D (length/

diameter) ratio. Due to the low pressure with which these extruders work, the addition of  

liquid additives by peristaltic pumps is an easy process. 

• The flow dependence on material viscosity is higher than in counter-rotating screw 

but lower than single screw extruders.

Co-rotating Counter-rotating

• In this kind of  extruders the flow generated has a C shape, which has 

the properties of  a positive pumping, decreasing the influence of  material 

viscosity in its conveying and generating a very effective pumping.

Some drawbacks of  this process are:

• Screws are pushed against the barrel, which makes necessary to a

void high screw speeds.

• Inefficient mixing. The faster the material is conveyed, the less 

efficient the mixing is.

Co-rotating
Counter-rotating



Application to compounding operations

• The main application of  twin-screw extrusion is compounding, that is, the mixing of  a solid filler with a molten polymer phase, to obtain a material 

with improved properties

• Distributive mixing, which consists of  homogenizing the spatial distribution of  the filler into the matrix and it is related to the kinematics of  the 

flow. The more or less complex trajectories of  particles allow them to be distributed homogeneously in the matrix

• Dispersive mixing, which consists of  reducing the size of  the filler, is instead connected to the state of  the stresses that, when applied to the filler, 

allow them to break the particles and reduce their size

• In an industrial compounding operation, both types of  mixing are generally involved. It is generally desired to first reduce the size of  agglomerates 

or aggregates to the lowest possible level, which will give the best ultimate properties, and then obtain a spatial homogeneity of  these fillers.

• Distribution is attained through the re-orientation of  the flow by screw elements, while dispersion depends on the local stresses.

• The above considerations explain why a co-rotating and intermeshing twin-screw extruder is the most effective to ensure the correct mixing of  two 

molten polymers in order to produce a blend, due to the high concentrations of  the minor component. In fact, this configuration is able to provide 

the highest possible elongational deformation and to multiply the shear stresses undergone by the polymers thanks to the combination of  two 

parallel screws.

(a) poorly dispersed, poorly distributed;

(b) poorly dispersed, well distributed;

(c)    well dispersed, poorly distributed; 

(d)    well dispersed, well distributed
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Twin-screw extrusion complete equipment
• To better understand the extrusion compounding process, we must know the main components of a compounding 

extruder. Here there is a global scheme of a common compounding extruder and its main components.

Hoppers

Control panel

Extruder

Water bath

Drier

pelletizer
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What kind of products can we extrude?

Different kinds of  compounds can be made depending on which kind of  material we add to the polymeric matrix. 

Blends or compounds that we can obtain by extrusion compounding are: 

Polymer / polymer blends

Polymer / additive compounds

Polymer / filler compounds

Polymer / reinforcement compounds

25



POLYMER / POLYMER BLENDS

This kind of  blends are PHYSICAL BLENDS. Almost all of  these blends are incompatible and hence, domains of  the polymer which is the 

minor component, are created in the other polymer, which is the major component. 

For immiscible polymers, the mixing process results in a specific morphology, controls the properties. Depending on the 

composition and the interfacial and rheological properties of  the two phases, the mixing of  two polymers A and B will give several 

morphologies.

lamellae gyroid Hexagonal-
packed 

cylinders

Body-centred 
cubic
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POLYMERIC COMPATIBILIZING AGENTS

• As these kind of  blends are incompatible blends, an interfacial tension between the surface of  both polymers is created. With the purpose of  

decreasing this tension and increase adhesion between polymers, compatibilizing agents are added to polymer blends. Thanks to 

compatibilizing agents, the possibility of  improvement of  blend properties increases. Besides, it usually yields properties that are generally not 

attainable in either single pure component.

• Compatibilizing the system will make a more stable and better blended phase morphology by creating interactions between the two previously 

immiscible polymers.

Polymer A

Polymer B

A/B polymer blend Compatibilized 
blend
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POLYMER / ADDITIVE COMPOUNDS

These kind of  blends are necessary, not only to improve the processability of  polymers in many of  their 

manufacturing processes, but also to achieve a good performance in almost all their final applications. 

Additives that can  be added are: 

• plasticizers 

•  nucleating agents 

• flame retardants

• antioxidants

• chain extenders

Some of  these fillers are: calcium carbonate, precipitated carbonate, talc, mica, kaolin, synthetic 

silica, barium sulphate, alumina, antimony trioxide, etc. 
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Going in depth…Compounding extruders
• The compounding is an extrusion-pelletization process that allows the mixing of a polymer by melting (thermoplastic 

resin) with one or more solid or liquid additives in order to obtain a physical blending of the ingredients..

29



Going in depth…Masterbatch Extruders

• A particular type of pellet is the masterbatch, which consists of a pellet with a high concentration of additives (such as 

colorants), compared to the desired concentration of these additives in the final product. 

• The masterbatch is blended with virgin polymer pellets during the extrusion process to facilitate the addition of the 

additives. Without the use of masterbatch, additives would have to be added in the form of powders or liquids, which 

presents obvious dosing difficulties. 

• Indeed, it is much easier to accurately weigh a few grams of masterbatch than to achieve the same weighing precision with 

a few micrograms of powdered additives. 
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Going in depth…Recycling Extruders

• Recycling extruders have been primarily developed for the recycling and recovery of "waste" plastic. Having already 

undergone an extrusion process, the recovered material has still undergone some degradation and cannot be 

extruded in its pure state. However, depending on the type of material, it can be reintroduced in variable quantities, 

depending on the product itself and what is desired as the final product. 

• For example, some PET water bottles are produced with a percentage of recycled PET, although the virgin PET 

must still account for more than 65%. Recycled material affects the transparency of the virgin material (it becomes 

yellowish), so it is always extruded with a high percentage of colorant. In fact, colored plastic bottles for mineral 

water are obtained from extruded virgin PET + recycled PET + coloring masterbatch (usually green or blue).
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• Hot melts are thermoplastic solid materials which are inherently solid below 80 °C and they become low-viscosity 

fluids at higher temperatures. Typical production is the melt coating.

• In pharmaceutical production, HME (Hot Melt Extrusion) is used to disperse Active Pharmaceutical Ingredients 

(APIs) into a molecular-level matrix, thus forming solid solutions. This enables drug release systems for poorly 

soluble drugs or specialized drug forms such as films for transdermal patches.

Going in depth…Hot Melt Extruders
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• The extrusion process of bioplastic requires specific knowledge of this particular material, with fluidity often varying 

from one production batch to another and depending on the type of compound. 

• Furthermore, it requires the study and construction of specific extrusion screws for this material, as well as the use 

of dies with appropriate compression to achieve a homogeneous melt capable of ensuring constant and 

uninterrupted productivity.

• Here an example for the extrusion of the starch:

Going in depth: Bioplastics Extruders

33



• The laboratory twin-screw extruder represents the ideal solution for all those users who want to test materials or 

processes without employing a standard plant with high energy and material consumption. 

• These users include research centers, universities, laboratories, training centers, as well as manufacturing companies 

that want to test extrusion processes on a small scale to evaluate the feasibility and quality of the extrudate before 

proceeding with actual production.

Lab Extruders
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How are made the screws

• Most of  the machines are modular, in that they consist of  small elements of  fixed length, which can be arranged on a splined shaft to obtain a 
certain screw configuration. 

• The design of  a screw configuration for a defined application is often made by a trial-and-error procedure based on experience and rational 
guidelines.

• Conveying elements, either direct (right-handed) or reverse (left-handed)

• Kneading disks, with one, two, or three lobes with the same cross section as the corresponding screw elements 

• Mixing disks such as gear wheels, designed to separate and recombine the material flows.
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PROCESSING UNIT: 
SCREW ELEMENTS

It is possible to list the characterization and the mode 

of operation of extruder screw elements. 

Pitch

• It is a geometrical quantity and influences the chamber 
volume and residence time.

Chamber 
volume

• It describes the available volume in the screw flight.

Self-cleaning

• It becomes possible by the “Erdmenger profile” of the screws 
and is ideal for conveying elements.

Residence 
time

•The residence time of the material in the screw is determined 
by the pitch (the higher the pitch is, the shorter the residence 
time will be): However it is important to observe that the 
residence time in the extruder is determined by the screw 
speed and the length of the processing unit!

Conveying 
effect

• It describes the element’s ability to push the material forward. 
The more flights there are and the smaller the pitch is, the 
stronger the conveying effect will be.

The pitch of the screw is the 
distance between two 
consecutive flights. The screw 
flight pitch is directly related to 
the screw helix angle, which is 
the angle between the screw 
flight and the plane 
perpendicular to the screw axis.

Kneading and mixing elements allow the 
dispersion and distribution of loads and 
additives inside the polymer matrix. They are 
placed in the melting and mixing zones.

High performance elements can 
lower the energy input into the 

product with very high distributive 

and dispersive mixing action.

The screw shaft 
allows 
transmission of 
high torques.

Conveying elements their mission is 
to make the material advance 
through the screw, for this reason, 
they are placed in the feeding, 
degasification and metering zones.

3
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More on…Screws elements

Type
(conveying, mixing, etc…)

Example of Identification: C-D-2-30-60

Direct 

or Inverse

Number 

of flights
Pitch Element

length
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Conveying elements 

Example of Identification: C-D-2-30-60

Example of Identification: M-D-2-30-60
Mixing elements 

Kneading blocks (or disks) 

Example of Identification: K-D-2-5-60°-60

More on…Screws elements

https://www.youtube.com/watch?v=qM1dfuy-qNc&ab_channel=GammadataInstrumentAB

38



Processing unit: Extruder zones
3

9



Extruder parts: Barrel elements

• As the screws, the barrel sections are modular and can be 
arranged in any configuration necessary to  accomplish  a  
particular  extrusion  objective.

• Barrel sections normally have either rectangular or 
circular outside dimensions  depending  on  the  
manufacturer. Each barrel section contains a thermocouple 
to control the heating and cooling input. Barrel sections 
have flanges on each end for alignment and connection to 
the next barrel

• The vent barrel has an opening on top that may be 
either circular or rectangular and is used to vent 
volatiles from the barrel or to feed different 
components of  the formulation. 

• The first barrel section in the extruder is opened on top for 
feeding all or part of  the formulation into the extruder. It 
is cooled and normally has no heaters on any of  the sides.
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Peculiar Barrels: Half opening 

• In small-sized extruders such as those for pilot lines or laboratory use, it is preferred to use 

extrusion barrels in two halves, which can be opened by means of lateral hinges. This 

simplifies the necessary mechanical operations and reduces machine assembly and cleaning 

times.
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Primary Feeding
• The main forced feeding is a motorized screw conveyor that takes polymer pellets (or powder) from the loading hopper and 

pushes them, forcing them to enter the feed throat.

• The correct method of  polymer feeding for a twin-screw extruder depends on the design of  the twin-screw extruder, the fed 

material, and the feeding position. In counter-rotating and co-rotating parallel twin-screw extruders, polymer and feeding 

additives are fed "hungry-mouthed" into the feeding section of  the extruder.

Extruder Parts: Feeders



Vibrating tray feeder

• Product Bridging (or “arching”) and rat-holing 

are both issues that result in a no-flow condition. 

Bridging, is a case where material that is being 

discharged or fed forms a bridge or arch over the 

feed auger or discharge point in a silo cone/hopper. 

Rat-holing is a condition where the material forms a 

hole or narrow channel above the feed auger or 

outlet in a hopper while the remaining material is 

stationary against the hopper wall. 

• Both of  these conditions result in the product not 

flowing as desired.

Volumetric screw feeder 
components

• Feeding means adding or discharging a certain quantity of  material 

to or measuring process (in case of  continuous mixing) throughout a 

defined time frame.

• The feeder typology must be chosen according to the type of  material 

(pellets, powders or fibers) in fact, they can influence the dosing ability and 

accuracy

Extruder Parts: Feeders

PROBLEMS TO AVOID
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Screw configuration: degasification section
44

• The extrusion process of a polymer can generate water vapor due to the moisture present in the pellets. Some polymers, 

during the granule melting phase, also release gases (e.g., chlorine in the case of PVC) or monomers that are highly toxic.

• If these vapors and gases are left inside the molten polymer, they would advance to the exit on the extrusion head, causing 

deformations and defects in the final product, making it unacceptable in terms of quality and functionality. Therefore, they must 

be removed, significantly improving the physical and structural properties of the product.

• The degassing device is realized by installing one or more venting ports on the extrusion barrel, which are usually connected 

to a vacuum pump that facilitates extraction and prevents dispersal of toxic gases into the atmosphere.

• The vacuum pump sends the extracted gases from the extrusion barrel to a condensation tank. At the base of the tank, 

condensate from the hot gases is collected, while at the top of the tank, a duct sends the gases to the filtration and purification 

system, usually installed by the customer according to local regulations.

• The solution of installing degassing ports (which can be up to three or four on the same extrusion barrel) is preferred by 

processors who do not want to dry the granules before feeding them into the hopper and by those who use polymers that 

produce gases and monomers during the polymer melting process.



Processing units: dies
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Extrusion process exiting from the die

4
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COMAC extruder at Pisa University

• Co-rotating twin screw extruder with D=25mm and L/D ratio= 44. 

• Four feeders, degassing pump, circular nozzle, water bath and pelletizer

4
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It can be 
useful a tool 
to optimize 

the 
processing 
parameters!

Going more in depth: Necessity to optimize the process

• Very often the identification of  the best composition is carried out with an empirical process with a twin-screw extruder and the final 
characteristics are then evaluated. 

• This definitely lengthens the development time also because, in addition to the composition able to guarantee the best performance, 
it is necessary to identify the screw profile that allows the best final microstructure to be obtained.



RPM T°C kg/h

Parameters to optimize for the extrusion

The Geometry

The Product

The Process 
Conditions

• Process control parameters for a twin-screw extruder include screw speed (revolutions per minute), feed rate, process 

temperatures, and vacuum level (to aid devolatilization). Additionally, melt pressure, melt temperature, motor amperage, 

and various in-line sensors also monitor the process to ensure consistent and quality product.

• Is it possible to optimize these parameters saving materials, save energy, avoiding waste and earn money?  
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Temperature profile
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• Only some temperature profiles can give rise to an acceptable product while simultaneously providing a process under optimal conditions. 

When one knows where the polymer melts or softens, the required mixing after melting and any downstream feeding and venting 

openings, it is possible to select temperature set-points based on processing requirements for formulating a particular polymer. Possible 

temperature profiles include:

• Progressive temperature increase, with set-points continuously rising from the feed throat to the extrusion head.

• An inverse or decreasing temperature profile, with set-points decreasing from the first zone of  the heated cylinder to the extrusion head.

• Constant temperature profile, where all cylinder zones are set precisely at the same temperature set-point.

• A Gaussian curve profile, where the temperature is lower in the first zone of  the heated cylinder, then gradually increases towards the 

central zones of  the extruder before decreasing progressively towards the extrusion head.



Residence time concept
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• The residence time, or polymer residence time, is the duration during which each polymer granule or particle remains inside the extruder 

during the process; the time is considered from entry into the feed throat until the exit point, conventionally defined as the terminal flange 

of  the extruder or at the exit of  the die.

Each screw profile is associated with a polymer residence time that depends on several factors, such as:

❑ Number of  screw revolutions.

❑ Number of  conveying screw sections.

❑ Number of  mixing screw sections.

❑ Number of  rear conveying screw sections.

❑ Number of  other screw sections.

❑ Material production rate in kg/hour.

• The residence time in the extruder is an extremely important factor as it relates the 

temperature curve of  the polymer and its degradation; a polymer can be heated for a 

long time at low temperature or for a short time at high temperature without 

degrading.

• If, on the other hand, the dwell time at high temperature is too long, this will certainly 

cause the polymer to degrade. Longer dwell times produce such degradation of  the 

polymer that it returns to a solid state at high temperatures and consumes the thermal 

stabilisers.
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General Rules



Ludovic Software
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• Ludovic requires the definition of  various operating parameters 

(detailed information are given later) and after the calculation it reports 

data about energy consumption, residence time distribution and 

many other quantities, like temperature, pressure, viscosity and so 

on, as a function of  time or of  the axial distance from the die. 

• Data can be exported as a .xls file which can be elaborated and 

compared with the results of  other simulations.

• Using the settings of  a specific simulation, it is also possible to define a 

Design of  Experiment (DoE), which basically consists in the 

automatized repetition of  that simulation by progressively varying one 

or two independent parameters defined by the user. This procedure 

allows to find the conditions needed to reach certain desired values 

without the necessity to proceed by attempts, that is a more time-

consuming approach which does not ensure to achieve the goal. 

LUDOVIC Requirements & Outputs
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Results f(t)

Evolution of  

Temperature and 

Pressure as a 

function of  the

residence time

RTD Results

Residence Time

Results f(x)

Evolution of  Temperature

Shear Pressure 

Filling ratio
Process

Operating conditions

Screw speed 

Throughput 

Thermal regulation

Product

Product choice 

Mechanical data 

Thermal data

Explore the simulation content

Extruder

Input data of  the 

Extruder geometry 

Screw & die design

Computation

Running the simulation

Global results

Energy efficiency 
Energy balance

The simulation window
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Geometry components - Organization

The geometry description of the extruder is organized into 5 topics

Extruder dimension : diameter, Ro/Ri ratio,...

Barrel definition

Profile of the extruder : screw elements 

Die description

Feeding area
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Extruder dimension

Centerline(mm)

Barrel internal diameter (mm)

Screw/Barrel Leakage (clearance) (mm)

Centerline(mm)
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Possibility to create non existing screw element

Conveying elements

Mixing elements

Slit elements

TKD

Right-handed elements Left-handed elements

1 flight 2 flights 3 flights 1 flight 2 flights 3 flights

Ring TME
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Screw element export

Export to the library

Right click on the screw profile
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Die definition as a Lego

Die = Thermo-mechanical boundary condition for the material

Building with basic elements

Pipe 

Slit 

Fish

tail 8-0

A pressure can be imposed
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Products



Technical Bastions

Rheological behaviour Thermal effects

There are many types of  formulations that can be obtained with the twin-screw extruder, but the “technical bastions” that 

must be considered in order to obtain a good product are:
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Experimentally…Rheometry!

“

“

It is important to evaluate rheological behavior of polymer melts: rheometry is the field of science that 
studies the instrumentations and facilities to evaluate the measurement of rheological data.

Shear flows vs Extensional flows - Pressure flows vs drag flows - Steady-state vs dynamic state –Large 
deformations vs Small deformations



The PROCESS tab
The PROCESS tab allows to define the operating conditions

Operating conditions

1. Setting a screw speed

2. Associated a product/recipe to

the appropriate feeding zone

3. Setting a throughput for the

feeding zone

4. Setting an input

temperature for the

product/recipe

5. Setting a temperature of

regulation for the barrel

6. Setting a temperature

of regulation for the die

(optionnal)

2

1

3
4

5

6
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HOW TO ANALYZE THE RESULTS?

Global values

Energy consumption and distribution 

Torque and power

Global residence time, ...

Residence time distribution

Evolution of the thermo-mechanical values along the screw 

(Temperature, Pressure, Pressure drops, ecc.)

[Global Results tab]

[RTD Results tab]

[Results f(x) tab]

Evolution of Temperature, Pressure and Shear rate with residence time [Results f(t) tab]
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Energy distribution

Specific mechanical energy (SME) = Viscous dissipation energy (screw + die) +Solid transport energy + Melting energy

Product energy = SME + Conduction energy

Extruder energy = SME + absolute_value(Conduction energy)
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Residence time distribution (RTD)
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The RESULTS f(x) tab

The RESULTS f(x) tab allows

to display the material thermo-

mechanical history, along the 

screw profile

The results:

1. Temperature evolution in red

2. Pressure evolution in blue

3. For selecting/unselecting  

other results

2

1 3
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1
3

The RESULTS f(t) tab

The RESULTS f(t) tab allows to 

display the material thermo-

mechanical history, as a function of  

the time

The results:

1. Selection of  the

temperature

2. Temperature evolution as a 

function of  the time (does not

refer to the screw profile at the

bottom)

3. Setting a temperature threshold

81



P8 2

Simulations Results Comparison



A case study
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