EXTRUSION H

Degassing Extruder. A new
extrusion concept increases
flexibility in the processing of
different raw materials as well
as raw material mixtures.
Throughput differences due to
varying bulk material character-
istics can be compensated

for and the full efficiency of

extrusion is reached independently of the rheological/thermodynamic characteris-

tics of the material.

New Degrees of Freedom

JOHANNES WORTBERG
HASSAN RAHAL
ROBERT MICHELS

scopic thermoplastics in extrusion

processes steam bubbles develop
in the melt due to the humidity contained
in the raw materials. These and other
volatile materials lead to negative influ-
ences on the characteristics of the final
product. Thus degassing extruders are
frequently used for removing the hu-
midity as well as remaining monomers

D uring the processing of hygro-
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and other volatile materials from the
plastic melt.

Conventional Single Screw
Degassing Extruder

A conventional single screw degassing ex-
truder (Fig. 1) essentially consists of a
feed zone and two consecutively coupled
multi-zone screws with an intermediate
more deeply cut, partly filled, pressure-
free degassing zone. The first screw stage
(1) takes care of the input and plasticiz-
ing of the material. The degassing zone
follows. In it through an opening in the
cylinder, usually aided by a vacuum
pump, the humidity and other volatile

materials are degassed from the melt. The
screw stage 2 works purely as melt con-
veyer with pressure build-up for the out-
put of the degassed melt.

One differentiates between smooth
barrel extruders (here also called con-
ventional extruders) and grooved feed
extruders. If one works predominantly
or exclusively with new materials in the
form of pellets the extruder can be
equipped with an input promoting feed
zone (grooved feed zone). If recovered
material (cut up foil material or cut up
products such as cups, covers, etc.) is to
be included, then in practice extruders
are preferably equipped with a smooth
feed zone. Smooth barrel extruders have
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Fig. 1. Degassing plastification unit with air-cooled grooved feed zone and barrier screw (photo: ETA Kunststofftechnologie)

Kunststoffe international 5/2008

>

7% PE104251

© 2008 Carl Hanser Verlag, Munich, Germany

www.kunststoffe-international.com/archive

Not for use in internet or intranet sites. Not for electronic distribution.



B EXTRUSION

Conventional Degassing Extruder
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Fig. 2. Specific throughput and melt temperature of a degassing extruder as a function of the

reclaimed material portion [2]

more deeply cut screws in their feed re-
gion, and their throughput is not deter-
mined only by the material handling in
the feed area, they therefore react more
easily” to fluctuations in shred size and
bulk density than grooved feed extrud-
ers and permit mixing of larger amounts
of recovered material. However, integra-
tion of a melt pump between the ex-
truder and the nozzle is usual for com-
pression and even melt conveying

through the die.

Process-technical and
Economic Requirements

For reasons of economy in practice de-
gassing extruders are frequently not used
for processing only one raw material
and/or raw material mixture, but for pro-
cessing a broad spectrum of raw materi-
als and/or raw material mixtures of new
products and recovered goods. From
practical experience with extruders with
grooved feed zones it is well-known that
the feedback of recovered goods (as
ground stock) and/or increasing the por-
tion of recovered goods in the mixture
leads to substantial lowering of the bulk
density of the raw material mixture to be
processed and to degradation of the solids
conveying behavior.

In order to use degassing extruders
without process engineering problems
(e.g. flooding the degassing opening)
economically, the mechanical conveying
capacity of the screw stages before and af-
ter the degassing zone must be co-ordi-
nated during design of the screw geome-
try. A higher mechanical conveying ca-

pacity of the first screw stage causes
“flooding” of the degassing opening; that
is the melt runs out of the degassing open-
ing. If the mechanical conveying capaci-
ty of the second screw stage is substan-
tially smaller, the efficiency of the ex-
truder is not utilized. Optimal co-ordi-
nation of the two screw stages can take
place only if the screw geometry is de-
signed for only one raw material and/or
only one raw material mixture and a fixed
operating point. The mechanical convey-
ing capacity of the screw before and after

the degassing zone cannot be adapted
thus to a broad spectrum of raw materi-
als and raw material mixtures, and so
flooding the degassing opening in indi-
vidual cases cannot be avoided. Flooding
the degassing opening can surely be pre-
vented if the screw is designed for the raw
material mixture with the lowest
throughputin the second screw stage and
the highest throughput in the first screw
stage. Thus for all mixtures the best pos-
sible throughput performance of the
screw is not fully used. That is, for pro-
cessing different raw material mixtures it
is not possible to do without a time-con-
suming screw change.

In practice one makes do with differ-
ent methods in order to process raw ma-
terial mixtures with different portions.
On the one hand it is possible to feed too
little raw material into the feed opening
with a dosing screw so that the mechan-
ical conveying capacity of the first screw
stage is determined separately from the
adjustable rotation rate of the dosing
screw and adjusted to the mechanical
conveying capacity of the second screw
stage. A further possibility is to pre-com-
pound the raw material mixtures.

Increasing the Production
Capacity

If one first assumes constant raw materi-
al characteristics, then an increase of the
mass throughput for a fixed extruder size
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Fig. 3. Multi-motor concept
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Fig. 4. Specific mass throughput and mass temperature versus screw rotation rate

can take place in two different ways: ei-
ther by an increase of the specific mass
throughput (ratio of mass throughput to
screw rotation rate) or by a higher screw
rotation rate.

A well-known problem here is the de-
crease of the specific throughput for in-
creased screw rotation rate, which entails
an unfavorable rise of the melt tempera-
ture [1]. With any geometry of the input
and feed zone (cylinder and screw) the
specific mass throughput is strongly af-
fected by the bulk material characteristics
of the material to be processed. Com-
pared with new material pellets, for ex-
ample, recovered material always has a
smaller bulk density. During mixing with
new material pellets also the mixture has
a smaller bulk density and it is the small-
er the greater the recovered portion is.
This then entails smaller specific through-
put and higher melt temperatures during
processing. Fig. 2 shows the raw material
bulk density as well as the specific
throughput and the melt temperature for
processing polystyrene with a degassing
extruder as a function of the recovered

material portion [2].Itis to be recognized
that with 100 % recovered material a
throughput performance around 27 %
smaller is obtained compared with 100 %
new material, whereby the melt temper-
ature is substantially higher at the same
time. However, it must be noted here that
the mechanical conveying capacity of the
screw zones is designed for processing
100 % new material.

New machine concepts with increased
degrees of freedom in operation of the
machines can support the advancement
of degassing extruders. In addition this
increased degree of freedom makes the
processing of different polymers and the
feedback of reclaimed material possible
with different mixture portions, which
represents a significant advantage with
degassing extruders.

Melt Production Independent
of Bulk Material Characteristics

The question of an adjustable feed rate
arises due to the requirements described
above. In other words: The mechanical
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conveying capacity of the feed screw
(and/or the first screw stage for degassing
extruders) is to be changed independ-
ently of the rotation rate of the main
screw (and/or degassing screw). If this
condition can be fulfilled, then the melt
production of the main screw will always
be optimally utilized independently of
the bulk material characteristics of the
polymer and/or the raw material mix-
ture. In addition optimal degassing of the
melt in the second screw stage can be en-
sured.

If a separately controlled input system
is envisaged, with which the solid materi-
al stream can be controlled, then a usable
degree of freedom can be gained through
a feed screw propelled independently of
the plastification screw [3, 4], from which
elementary advantages are derived:

B The reduction of the specific mass
throughput for increased rates of rota-
tion can be reduced or compensated
for completely (particularly within the
high-speed range).

For materials with high friction values
and for material mixtures with a small-
er bulk density the feed rate can be in-
creased as the feed screw is operated as
a stuffer machine.

Thus the rise in melt temperature at
higher rotation rates can be reduced
or avoided. In addition, for material
mixtures the melt production of the
main screw can be utilized in this way
without making a screw change.
Through the change of the main screw
rotation rate with a constant through-
put and/or at a constant feed screw ro-
tation rate there is the possibility of af-
fecting the mixture quality and the
melt temperature. In addition, with the
main screw rotation rate the pressure
build-up capacity of the second stage
of the degassing screw can be changed
for a constant throughput.

With material mixtures, which are in-

clined to production fluctuations, they »
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Fig. 5. Degassing extrusion with a feed screw provided with an adjustable drive independent of the main screw
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Comparison
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can be compensated through the feed
screw rotation rate, while the melting
and mixing in the main screw is un-
coupled from it at a constant rotation
rate.

B Through combination of the coaxial
feeding system with a degassing plas-
tification unit the feed rate can also be
increased for very different raw mate-
rials up to reaching the maximum de-
gassing capacity and at the same time
melt exit from the degassing opening
can surely be avoided.

At the Institute for Product Engineering

(IPE) of the University of Duisburg-Es-

sen, Germany, in co-operation with ETA

Kunststofftechnologie GmbH, Troisdorf-

Spich, Germany, an innovative drive on

the basis of a modified multi-engine con-

cept is used with the newly built extrud-
er [5] (Fig.3). In order that two inde-
pendently selectable screw rotation rates
can be used, the drive axle of one engine
is extended, whereby this propels the feed

screw, while the remaining engines pro-
pel the actual plastification screw.
Through combination of the coaxial feed
screw with the modified multi-motor
drive concept an independent solid feed
aggregate [1, 6] is obtained that achieves
absolute integration in the extruder and
in function mode is viewed as exactly the
same as every other input area.

Fig. 4 shows first results [6]. Here a
comparison of two specific throughputs
is given. For the 50 mm extruder with
closed cylinder this concerns a conven-
tional single screw extruder with a
grooved feed zone and barrier screw. The
material used was a polypropylene foil
material with a bulk density of only
0.22 g/cm’.

On the basis of this concept a de-
gassing extruder (Fig. 5) was developed
further in co-operation with ETA Kunst-
stofftechnologie. The CoAx degassing
extruder has already been presented at
the K2004. The extruder has a double

© Carl Hanser Verlag, Munich

threaded feed screw (D= 70 mm) and a
barrier degassing screw (main screw)
with nominal diameter 50 mm with an
effective screw length of 31 x D. In the
feed zone the cylinder inner surface is
provided with axial grooves, whereby this
zone is air-cooled like all other zones. At
the IPE this extruder was tested with a
multiplicity of raw materials.

A further possibility of affecting the
rotation rates of the two screws exists in
the input of the rotation rate ratio and
the rotation rate of one of the two screws.
If the machine is equipped with an addi-
tional sensor system a pressure/torque
control can be used in connection with a
throughput control.

Computation of the
Pressure Profile

Knowledge of the pressure pattern linked

with the throughputis an important con-
dition for the design of a single screw ex-
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truder since this affects the feed proce-
dures, the wear and the pumping of the
melt.

From Fig. 6 it is evident that with giv-
en throughput of 132 kg/h with a main
screw rotation rate of 200 rpm (the rota-
tion rate ratio of the CoAx barrel extrud-
er screw corresponds to an extruder with
a one-piece screw) the screw after the de-
gassing opening is not completely filled
and a further increase of the throughput
by increasing the feed screw rotation rate
is possible. With a throughput of 147 kg/h
the flow limit is reached (Fig. 6 bottom)
and the melt temperature is reduced by
about 3 °C. A further increase of the feed
screw rotation rate leads to flooding of
the degassing opening. This was also seen
in the experimental investigations. The
computation further shows a lower pres-
sure at the end of the feed zone. The com-
putational results agree well with the ex-
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Fig. 7. Specific throughput of the CoAx degassing extruder 50/31D processing highly

transparent polystyrene
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Fig. 8. Pressure behaviour for processing polystyrene new material

perimentally determined pressure. Here
a computation of the pressure profile for
the mixture requires the actual material
data of the mixture.

Experimental Results

The conditions in a conventional de-
gassing extruder with a single screw can
be imitated with the CoAx extruder if the
main screw (MS) and the feed screw (FS)
are operated at a fixed rotation rate. Pre-
cisely at a rotation rate ratio of exactly 2: 1
flooding of the degassing opening begins
for the processing of 100 % polystyrene
granulates and a main screw rotation rate
of 50 rpm. That would for example thus
be the reference point for which a con-
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ventional one-piece degassing screw
would be designed. Fig. 7 shows the re-
sults of extrusion tests with a highly trans-
parent polystyrene (PS).

During the processing of a polystyrene
mixture (70 % granulates and 30 % foil
shred) the specific throughput was about
45 % lower than for processing 100 %
granulates with the same rotation rate ra-
tio of 2:1. The reason lies in the fact that
such mixtures have a substantially small-
er bulk density compared with granulates
and have worse feed behavior.

The separate rotation rate control of
the two screws permits an increase of the
feed screw rotation rate of the CoAx ex-
truder, which leads to balancing and/or
avoidance of the reduction of the specif-

ic mass throughput with the processing
of a granulate/shred mixture. In this way
higher specific throughput can be reached
up to the limit given by the flooding of
the degassing opening, on the average
around 49 % higher specific throughputs,
whereby at the same time reduction of the
mass temperature by around 3°C was
achieved. The values of the specific
throughputs even lie over the values
reached during the processing of 100 %
granulate with a fixed rotation rate ratio.

With increasing rotation rate of the
main screw the limit on the rotation rate
ratio mentioned above can be reduced
when processing 100% pellets. In other
words: The feed screw rotation rate could
be further increased for a certain operat-
ing point of the main screw. Thus up to
the flood limit throughput increases were
obtained of 11 % on the average. The con-
sequence is a reduction of the mass tem-
perature by around 3 °C. With increasing
screw rotation rate an increase in the melt
temperature can be seen, but here the
mass temperature is still clearly under the
mass temperature reached with a rotation
rate ratio of MS/FS = 2/1.

Pressure Behavior

Fig. 8 shows the appropriate pressure de-
velopment at different screw rotation rates
of the main screw and feed screw. The
mass pressure was set to a value of 50 bar
for all operating points using a throttle
tool. This value corresponds to the pre-
pressure of the melt pump plus that of the
melt filter. It is to be recognized that on

the one hand the pressure at the end of the »
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feed screw (P1) was at a low value during
the entire test series. For processing the
mixture it builds up only starting from a
feed screw rotation rate of 100 rpm and a
main screw rotation rate of 140 rpm and
remains under the mass pressure for high-
er screw rotation rates. On the other hand
no precipitous rise is to be seen of this
pressure in the case of an increase of the
feed screw rotation rate ata constant screw
rotation rate of the main screw, which
means that the main screw is partly filled.

Summary

Many elementary advantages can be ob-
tained through an additional degree of
freedom when running a degassing ex-
truder. Thus throughput differences can
be balanced due to varying bulk material
characteristics. Likewise the full efficien-
cy of the degassing extruder can be uti-
lized optimally independently of the bulk
material and the rheological/thermody-
namic characteristics of the material.

The new extruder concept offers
greater flexibility in processing differ-
ent raw materials/raw material mix-
tures than today’s usual degassing ex-
truders. This flexibility makes economic
advantages possible, which compensate
for the higher capital outlays of the more
complex construction method in a jus-
tifiable timeframe due to the through-
put increase. This CoAx extruder can be
used particularly favorably in the area of
the production of products with sec-
ondary raw materials. As further appli-
cations the processing of polymers/mix-
tures to be degassed should be men-
tioned. W
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