
Co-Rotating Twin Screw 
Extruders 

I.Ghasemi



Modular Design 



Classification of  TSE

Classifications are based on: 

• Intermeshing & Nonintermeshing

• Rotation Direction 

• Conjugation 

Erdmenger , DP (862668)



Intermeshing & Nonintermeshing



Conjugated & non-Conjugated 



Conical Twin Screw Extruder

• Screw diameter decreases from
hopper to metering section.

• D=184 mm decreases to 92 mm in
discharge section.

• It is useful and suitable for
temperature sensitive polymers like
PVC.



Flow Mechanism in Co-Rotating TSE



Functional Process 

• Feeding section 

• Plasticating

• Melt conveying

• Distributive mixing 

• Dispersive mixing

• Devolatilization 

• Pressure build up 



Feeding Zone 

• The feed capacity depends on free
screw volume ( channel depth, number
of flights) , pitch, screw speed and
bulk density.

• Three channel for Do/Di< 1.3 and
for two channels Do/Di> 1.3

• L= 4-6 D and pitch is 1.5 D and
reduce to 0.75-1 D in plasticating zone.





Melting Zone 

• Significant melting starts at point
where the screw is initially fully filled

• Material properties (crystallinity,
viscosity).

• Typically double or triple-flight
kneading blocks are used to facilitate
melting.

• Up to 80% of mechanical energy
input in twin screw extruder takes
place in plastificating zone.





Melt Conveying Zone 

• For simple melt conveying
pitch=1D are commonly used. If
there is side feeder the pitch should
be 1.5 D for faster transportation.

• This zone is generally partially
filled.



Dispersive elements; Kneading blocks

• The kneading elements 
mainly contribute to the mixing 
capability of the twin screws.

•  Mixing occurs by shear and elongation 
during extrusion and performs both 
distributive and dispersive mixing 
actions, depending on its geometry.

• Distributive mixing evenly spreads the 
dispersed phase without breaking down 
particles.



Stagger Angle 



The Effect of  Stagger Angle 



Reverse Kneading Block 

• As such, a reverse-conveying 
element has flights or discs that 
rotate counterclockwise.

•  These manufacturers designate 
the reverse-conveying elements 
using the same nomenclature as 
for the forward-conveying 
elements followed by “LH.” The 
LH stands for Left-Handed, as 
these are left-handed elements 
and forward -conveying elements 
are right-handed.



Wide & Small Disk







Distributive Mixing Element 



Distributive Mixing Element 







Devolatilization; Degassing; Venting 



Devolatilization; Degassing; Venting 

• Load of Volatiles Is below 1%
Weight One Vent Port.

• Load of Volatiles Is 1-10% Weight
More than One Vent Port.

• High Concentration of Solvents,
Condensation Polymerization,
etc.3-5 Ports.



Hygroscopic Polymers



Stripping Agent 



Design of  Vent Port Throat 



Typical Screw Configuration



Rear Elements 



Pressure Build up Zone 

• This zone is located in the extruder in
the discharge zone and the upstream
of each backward pumping screw
extruder.

• The aim of the design is generally to
generate of required pressure
consuming as little energy as possible.

• Single flighted conveying element (
with low pitch 0.2- 0.6) can generate
the pressure with less energy input.





Slide Plate Screen Changer



Screen Pack 



Gear Pump 

• Extrusion gear pumps increase the 
outlet pressure in extruders and 
make it more uniform.

• The material coming out of the 
extruder has an excellent pressure 
stability.

•  It is the only solution for all 
applications that require high 
pressure at the extruder outlet.



Pelletizing 

• Strand pelletizing 

• Under water pelletizing 



Torque Classification of  TSE

• Low torque 

• High torque( Mega Compounder)  

• Specific torque Md/a³
[Nm/cm³]

• More than 30% increase of specific 
torque.

•  Up to 100% increase in the 
throughput rate.

• Increased energy efficiency by 
reduced specific energy input

•  Greatly improved productivity





SAT Series(Safety, Accuracy, Torque)  

SAT series extruder feature 
the excellent self-wiping 
functions. Combining with 
screw torque and free 
volume, the Do/Di of SAT is 
optimized at 1.55 that 
provide sufficient torque 
while remain enough free 
volume.



Process Example by Co-Rotating Twin Screw 
Extruder

• Incorporation of  glass fiber 

• Incorporation of  filler masterbatch 

• Production of  masterbatch

• Powder Coating ( Thermoses materials )

• Reactive Extrusion 



Glass Fiber Reinforced Polymers 

• Chopped strand up to 3mm.

• Long glass fiber (25-30mm).

• Fibers are generally added after melting
of polymer.

• The melt temperature is sufficiently high
before adding the glass fiber.

• Glass fiber incorporation is balanced by
two factor: distribution and size reduction.

• The greater glass fiber content leads to
more size reduction.



poor wetting (left) and good wetting (right)





Proportional Weighting 

The basic classification

• Volumetric

• Weighting

Loss in Weight Feeder 





Conveyor 



Side feeder for Fiber Feeding 



Screw arrangement for Glass Fiber Wetting 

• At this point, the pitch of the screw 
element can tighten up as needed 
based on the available.

• A series of forward, narrow disc 
kneading elements can distribute and 
incorporate the fibers throughout the 
polymer. These kneading blocks 
should immediately be followed by a 
neutral (90-degree) kneading block. 
The 90-degree kneading block creates 
a minor backup of material to ensure 
the fibers are fully integrated.



Typical Arrangement for PP/GF



Filler Masterbatch 

• Filler masterbatch is a compound of 
calcium carbonate, primary Polyethylene 
resin and other dispersing plastic additives.

• This product is used as a filler – filler 
masterbatch to reduce costs, increase 
productivity and shape the end product.

• The product is granular so it is easy to use 
and mix with different ingredients easily. 
Mixing ratio ranges from 5% to 50% 
depending on the specific product.



Mixing Mechanism 

• Dispersive mixing of solid
agglomeration.

• Most of the existing models focus
on the two competitive forces : -
forces of cohesion within the
cluster and

• hydrodynamic forces inducing
their break up.



Typical Structure of  Agglomerates

• DLA: Diffussion-limitted 

• RLA: Reaction limited 

• HCCA: Hierarchical cluster-cluster 

• LTA: Linear trajectory 

• Eden: Eden model



Filler Incorporation Methods



A reverse kneading block or even a reverse conveying element 
(the most severe pumping element). The purpose for this is to 
ensure the degree of fill in the mixing section is such that the 
mixing is reasonably efficient.



There are three types of
arrangement:

 premix

 split feed

 color matching

Production of  Masterbatch 



Premix Method 

• All additives are premixed in a
mixer and feed in to extruder using
volumetric feeder

• A portion of the polymer is
generally mixed with the pigment in
powder form

• No production loss at start up ,
relatively low investment



Split feed Process 

• Additives are fed in to the polymer
melt using side feeder after plasticating
zone

• This system is suitable for large batch
sizes

• Minimum wear of screw and barrel

• Long cleaning time

• High investment



Color Matching 

• Various masterbatch containing a 

single pigment type (monobatch) 

are fed.

• Extremely good dispersion. 

• High cost.



Carbon black Masterbatch 



P Type Carbon Black 

• P type blacks are specially designed 
carbon blacks with extremely high 
physical and chemical cleanliness to 
ensure excellent dispersibility and 
organoleptic properties for pressure 
pipes.

• Low sulfur and toluene, Low grit and
ash, Particle size less than 25 nm ,
Excellent UV performance.



Carbon black Masterbatch 

• UV Protection: The carbon black masterbatch's
capacity to provide UV resistance is another
noteworthy quality. By absorbing and dispersing
UV light, carbon black particles stop the
polymer matrix from deteriorating from
exposure to sunshine.

• Electrical Conductivity: Plastics may also
acquire electrical conductivity by adding carbon
black to them. This feature is helpful in
situations where the regulated dissipation of
electrical charges is essential, such as
electrostatic discharge (ESD) protection in
electronic components and packaging materials.



Typical Screw Arrangement for CB Masterbatch 



White Masterbatch 

• White masterbatch is a highly useful
ingredients in the plastic industry that is
used to impart a bright, white color to
plastic products.

• The primary property of white
masterbatch is its ability to impart a bright,
white color to plastic products. It improves
the opacity of plastic products, making
them less transparent and opaquer.

• In addition, white masterbatch can
enhance the thermal stability and outdoor
durability somewhat.



White Masterbatch 

• TiO2 exists in two forms: amorphous
and crystalline.

• Crystalline TiO2 exists in three forms:
anastase, rutile, and brookite.

• Anatase and rutile have a tetragonal
structure.

• Rutile can be mined directly, but 
anatase is obtained through the 
processing of ilmenite, a natural iron 
titanate.

(a) anatase, (b) rutile, and (c) brookite





Powder Coating 



Powder Coating 

• The powder may be a thermoplastic or
a thermoset polymer. It is usually used
to create a thick, tough finish that is
more durable than conventional paint.

• Thermoset materials like Polyester.
Epoxy.

• Processing temperature must be under
curing temperature.



TPV & TPO Production 

• The various TPV materials are usually 
manufactured by reactive extrusion. 
In the classic case, they consist of the 
two main components polypropylene 
(PP) and ethylene-propylene-diene 
rubber, which are mixed together. 
The EPDM phase is dynamically 
vulcanized in this blending process.



TPV Morphology 



TPV Production Line Layout 



TPO Production Line Layout 



TPV& TPE 



Reactive Extrusion 

• Reactive extrusion (REX) is a 
manufacturing method that 
combines the traditionally separated 
chemical processes (polymer 
synthesis and/or modification) and 
extrusion (melting, blending, 
structuring, devolatilization and 
shaping) into a single process carried 
out onto an extruder.



Polyolefin-g- MA

• One of the most common
examples of polymer modification
is the grafting maleic anhydride
(MA) into polyolefins.

• These materials have application in
: in situ compatbilization in blend;
adhesive for multi layer systems;
copling agent for glass fiber.



Polyolefin-g- MA



TPU polymerization line



Polyethylene Crosslinking (PEX) 

• PE Crosslinked can be obtained 
via these methods:

-  Peroxide crosslinking (PE-Xa) 
(75%)

-  Silane crosslinking (PE-Xb) 
(65%)

-   Electron beam crosslinking (PE-
Xc) (60%)

- Azo crosslinking (PE-Xd) (60%) ]



Silane Crosslinking 


