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Description and applications

MAS introduced the patented NCT (NEW CONICAL TECHNOLOGY) extruder design
(Fig.1) to the public during the K 2007 plastics exhibition in Duesseldorf, Germany.
The NCT is a co-rotating conical twin screw extruder that is driven by a frequency
controlled AC motor via a transfer gear box.

The vented barrel of the machine can be swiveled out, so that the screws can be
easily removed from the back site. The barrel includes an electrical-heating and an
oil-tempered cooling system. For required melt degassing a vacuum unit is available.

Figure 1: NCT 55

Direct Extrusion of recyclable plastic granulates/flakes such as PE, PP, PS, PA, PET,
etc. is just one of many fields that are well suited for the NCT Technology. It is also
well suited for the extrusion of Wood Plastic Composites (WPC), Natural Fiber
composites (NFC) and Polymer-Paper Composites (PPC), and can be found in the
production of granulates and compounds.

Compared to the technologies that have been used thus far for these applications the
NCT Technology decreases the energy consumption significantly. Another advantage
is the gentle means of processing that characterizes the co-rotating compounders.
The conical design makes it possible to easily process material mixtures with low
bulk density.
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Figure 2: Design of the NCT extruder [1]

Extruder Design Comparison

Almost every type of plastics is at least once processed on an extruder The first
machines were developed in the 19™ century to process elastomers [1]. Most of the
extruding equipment that is in use today has been developed in the first half of the
20™ century [2,3].

A selection of the extruder designs that is in use is listed in the following schematic
Figure . In the processing of plastic, co-rotating twin-screw extruders are used for
compounding and counter-rotating ones are used for extrusion. The co-rotating units
are today’s most important mixing units to blend additives into the polymer. Of all
Twin screw designs the most important types are tightly intermeshing synchronous or
counter-rotating units with cylindrical or conical designs.

Depending on the design, certain geometric quantities, such as the screw outer
diameter, the screw inner diameter, the number of flights, the flight width and the
cone angle, depend on one another. Counter rotating double screw extruders work
according to the chamber transport principle, which can attain a high pump efficiency.
This forced transport also results in a lower dwell time distribution [4,5]. A major
disadvantage of this design is the reduced mixing effect as well as the increased
wear when the radial clearances between the screws as well as the speed are high.

Synchronously rotating dual screw extruders are characterized by axially open screw
flights and higher shear speeds in the gore clearance [4,5].

The modular design makes them applicable for many different applications. They can
easily be customized since the barrels as well as the screw designs can be adapted
to the specific application. By customizing the elements of the screws and barrels the
equipment can be design it is possible to build an almost endless combination of
screw shafts. Another characteristic of extruder screws is the high degree of self-
cleaning.

The conical co-rotating NCT extruder combines the process-related advantages of
the parallel synchronous extruder with the conical screw design. Due to the conical
shape of the screws significantly higher pressures and torques can be achieved.
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Figure 3: Schematic representation of extruder designs [2]

The NCT extruder can be used in a wide range of applications. Due to its large intake
volume, it is excellently suited for the processing of materials with low bulk material
densities, such as Wood Plastic Composites (WPC), Natural Fiber composites (NFC)
and Polymer-Paper Composites (PPC), recycled materials and bottle flakes.

Figure 4: NCT extruder applications
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Figure 5: Granulate from PET film flakes, Figure 6: PPC and WPC granulates and profiles
The plastification unit of the NCT extruder has six zones.

The first zone is the intake zone, which is usually filled using gravimetric dosing
scales. Due to the comparatively large chamber volume an optimized screw filling is
achieved.

The backup in the flow restriction zone ensures that the melt zone is always
completely filled. To transport the required melt energy into the material the screws
have a large screw surface. The flight volume of the flow restriction zone with a
reduced pitch determines to a large part the plastification efficiency of the screws.

These are followed by interchangeable mixing and kneading elements that are used
to homogenize the melt. Because the NCT Extruder is equipped with a venting zone
it is especially suitable for processing moisture-sensitive plastics. The final metering
zone is responsible for the pressure build-up. The high degree of overlap of the
tightly intermeshing screws results in an enormous pressure build-up with a very high
output constancy and an excellent degasification efficiency

Figure 7: Differentiation of the individual zones of the NCT extruder [M-A-S]
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Advantages of the NCT extruder
compared to the state of the art on the market

In the area of twin-screw extruders, the market offers various designs either with
parallel or tapered screws. This designation refers to the positions of the screw axes
in relation to one another. While parallel extruders with synchronous or counter-
rotating screws are common, only the counter rotating design existed among conical
extruders.

Every design has it's advantages, as well as deficits, in processing various materials.
As a result, extrusion (depending on the plastic used) will always represent a certain
degree of compromise. While single screws and synchronous twin-screw extruders
are used mainly to process polyolefines (PO, PE, etc.), counterrotating extruders are
almost solely used to process PVC powder. Due to the radial forces that occur, and
the resulting wear, these extruders are cost-prohibitve to process granulates. For this
reason, parallel counter rotating extruders were not considered in the following
comparison (Table 2). Due to the geometric similarity, however, conical designs were
included in the comparison.

The new NCT technology adopted the large screw diameter in the intake, as well as
the large axis spacing of the two screw shafts and eliminated the deficits of the twin
screw technology.

Figure 8: Axis spacing of the screw end M-A-S GmbH

Compared to the parallel co-rotating units, the conical design is characterized by a
large overlap between the screw gears, leading to more stable transport
characteristics. In other words, a pressure that is generated by an extrusion tool can
be handled at a lower melt temperature while the degasification function is assured.

This gives the NCT extruder the following advantages compared to systems that are
already on the market:

. Higher product quality (mechanical properties) for material like WPC due to
improved homogeneity (see Figure 8)

. Shorter cooling section length due to lower melt temperature

. Energy savings (lower energy input, as well as lower cooling capacity in the

downstream equipment)
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. Direct extrusion (mixing and product manufacturing in one step) without a melt

pump
. Processing of materials with low bulk density at high specific throughputs

Figure 9: Tensile test specimens; comparison of the homogeneities of the NCT extruder with an IFA-
Tulln counter rotating unit

In parallel double-screw extruders, the maximum transferable torque decreases as
the flight depth increases; on the other hand, the free volume of the parallel dual-
screw extruder increases. In the conical design, the geometrically determined
relationship between the diameter / axis spacing and the maximum rigidity of the
remaining core diameter is decoupled to a large degree by the cone angle. Due to
the conical design, it is possible to transfer a significantly higher torque despite the
large free volume. The maximum torqueses are approximately 4 times those of
comparable co-rotating extruders.

Small Max. Rotating Torque
diameter |installed power speed moment
Outside
da P n My
NCT 55 (mm) (kW) (rpm) (Nm)
Discharge 55 160 300 2546

Table 1: NCT 55

A modular screw design (figure 10) allows the replacement of screw elements such
as the throttle and shearing/mixing parts. As a result, the plastification unit can be
individually customized adapted to the specific application.

7 08.02.2009



Figure 10: Modular screw system

The following table summarizes a qualitative comparison of various screw systems in
terms of the most important properties.
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Intake volume ++ + +++ 4+
Forced transport + T+ T+
Dwell time + ++ +++ ++
Specific energy application + +++ ++ +4++
Overall length ++ + +++ +4+
Ease of maintenance ++ + +4+ 14+
Mixing properties + +++ + +++
Pressure buildup capacity + + +++ ++

ton sufficient, based on the application
++... good, higher requirements based on the property
+++... very good, especially well suited in terms of the requirements for this property

Table 2: Qualitative comparison of different screw systems [M-A-S GmbH]

8 08.02.2009



WPC - Wood Plastic Composites

The moisture content of the raw material (wood-plastic composite) has a large impact
on the successful processing of WPC materials. An excellent homogenization is as
important as a high degree of melt degasification. In conical co-rotating extruders,
these requirements are optimally fulfilled because the co-rotating principle permits
excellent dispersion. The fibrous material is dissolved and sufficient energy is
introduced to liberate the water. The large surface in the degasification zone leads to
an enormous degasification effect; WPCs with a moisture content of up to 5% can be
degassed perfectly. The extrudate has a density of 1.2 kg/dms.

The NCT Technology produces a higher impact resistance in the final product even if
the extrusion uses only flakes due to the high extruder speed of up to 250 rpm that
increases the fiber sisolution significantly. The conical design permits the highest
degree of output constancy during the processing of WPCs without carrying out
pelletizing beforehand. Therefore, processing directly from powder is possible with
the NCT 55. The mechanical properties of the product attain higher values as for
processing in a counter rotating unit in the second processing step.

350 kg/hr for profiles and 400 kg/hr for granulate (wood/PP blend) are achievable
capacities with the NCT 55.

Max. 1,8x10"% Pa Max. 7,8x10"% Pa

/

Co-rotating Counter-rotating

Figure 11: FEM simulation pressure on the barrel wall. Source: Amtec 2004 [7]
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The NCT 55's plastification unit has a long service life because the screws are co-
rotating; as a result, gore clearance forces that cause high wear do not occur as they
do in counter rotating screws.

Figure 12: Window sill

PPC- Plastic Paper Composites

Not only wood, but also other cellulose-rich materials such as paper and cardboard
are available in large amounts. These materials, especially composite materials such
as Tetra Pak, have been processed into paper-plastic composites for several years.

[6]

This new source of fiber-reinforced plastics broadens the range of applications due to
increased resistance against environmental influences. Graying and swelling are
significantly reduced in comparison with wood based materials. The natural graying
of conventional WPCs is undesirable in many cases and can only be eliminated by
the use of expensive UV stabilizers. This new, often very inexpensive source of raw
material will hopefully improve the marketability of these materials.

Figure 13: Tetrapak as a raw material for profiles Figure 14: Different PPC blends
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Comparison of the raw materials wood and paper

In comparison to wood shavings, the secondary raw material paper has a
significantly lower content of lignin and silicate. The former is thermally unstable,
causing the material to become brittle, while the latter increases wear on the
operational unit and the tool of the extruder and the injection molding machine. Fillers
in the paper do not pose a danger for the machines because they have a lower grade
and are also used in the plastic industry. Papers coated with plastic have a particular
advantage because the included plastic already has already bonded to the fiber,
which generally leads to a decreased capability to be recycled; the two ambivalent
materials also have a uniform distribution.

A further argument for using paper is its simple preparation. While wood shavings
must be ground, sieved and dried prior to processing, paper fiber merely needs to be
shredded in order to be transformed into a product that can be processed

As expected, the physical properties have been increased significantly by the effect
of the fibers.

For pure paper and cardboard waste, as well as for poster paper, it was possible to
double the elasticity module to 2500 MPa compared to pure plastic. The maximum
flexural stress was 28 MPa and the impact resistance (Charpy, unnotched) attained 9
kJ/m2.

Papers containing polyethylene were characterized by a high degree of elongation
due to bending (6%) and a high impact resistance (10.7 kJ/m2). Paper waste
containing polystyrol had the greatest effect on rigidity: max. bending strength ... 40
MPa, elasticity module ... 3300 MPa

These material properties can still be improved with stronger fiber preparation and
the addition of adhesion agents.

In conclusion, the NCT extruder has the following a  dvantages in processing
plastics reinforced with natural fibers:

Large intake volume

Enormous screw torque 2500 Nm

Speeds of up to 300 rpm (NCT 55)

Throughput of up to 450 kg/h for granulate (NCT 55)
Processing at up to 5% moisture content

Direct processing of flakes (pelletization is usually not required)
Excellent homogenization
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