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1
SCREW EXTRUDER MECHANISM, IN
PARTICULAR TWIN-SCREW EXTRUDER
MECHANISM, FOR THE PROCESSING OF
STRONGLY OUTGASSING MATERIALS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a screw extruder mechanism, in
particular a twin-screw extruder, for the processing of
strongly outgassing materials.

2. Background Art

In the processing of materials of this type as it is used for
instance for the degassing of volatile components from vis-
cous fluids such as polymer melts, polymer solutions, pastes
etc., high quantities of gas or steam develop, the discharge of
which poses some problems. In addition to the fact that for
instance a certain residual solvent content is reached, a
restriction of these processes is imposed by the operationally
reliable discharge of the high quantities of steam or gas that
develop. This is true in particular for fluids the content of
which in terms of volatile components exceeds 10%—in the
extreme as much as 90% in polymer solutions,—for moist
powders or in case water is fed into the extruder as an auxil-
iary agent for the final degassing.

The maximum possible quantity of steam to be discharged
operationally reliably in a degassing process is determined by
the structure of the process part of the extruder as well as by
its way of operation. For instance, the number, position and
geometry of the degassing ports as well as the configuration
of the screws are substantial design criteria.

Screw extruder mechanisms are known from DE 24 00271
C2 and DE 32 48 659 A1, conventionally comprising a main
extruder for proper material processing, a material supply
device in the form of a feed hopper, a material discharge
device in the form of a discharge die, possibly a feed device
for a degassing agent to be fed into a portion of evaporation of
the main extruder (as in the case of the mechanism according
to DE 24 00 271 C2), and a degassing device in the main
extruder for the gas stream to be carried away from the portion
of evaporation. Solvents, emulsions, moist bulk materials,
pastes or the like can be supplied to the extruder by way of the
feed device.

In the extruder mechanism according to DE 24 00 271 C2,
degassing takes place by countercurrent flow degassing,
steam being blown into a closed zone of the extruder, remov-
ing solvents from the material to be processed. The mixture of
water vapor and solvent vapor is discharged through a vent in
the form of an ancillary twin-screw extruder that opens radi-
ally into the main extruder. The screws of the ancillary twin-
screw extruder which form a material barrier have such a
pitch and are driven in such a direction that the solids taken
along during degassing are pressed back to the material to be
treated in the main extruder.

In areas that are separated from the above vent by means of
pressure locks, provision is made for further degassing ports
of conventional design.

The degassing activity achievable by the extruder specified
above is limited, use being made regularly of only one degas-
sing device at a time in a certain portion of evaporation of the
extruder.
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In the screw extruder according to DE 32 48 659 Al,
provision is likewise made for two degassing devices which
are mounted in varying areas of the extruder and each of
which may consist of twin-screw extruders. The two degas-
sing devices are each in connection with an independent
decompression zone, a damming zone working as a separa-
tion between the two decompression zones. Consequently,
degassing takes place in two isolated separate streams.

In the cases described, the flow of vapor or gas is dis-
charged at a position upstream and/or downstream of the
respective place of evaporation seen in the axial direction. For
domination of the quantities of gas developing, the ports may
vary in size and shape, the maximum quantities being limited
nevertheless.

Furthermore, the operational reliability of a degassing port
decisively depends on the gas velocity in the screw spirals and
on the outlet edge of the screw channel towards the degassing
port. The gas velocity again depends on the pressure (over- or
underpressure) applied to the degassing port. In any case, it is
a fact that the gas velocity depends on the volume rate of the
gas or steam developing in the portion of evaporation so that
during the processing of strongly outgassing materials and
whenever major quantities of steam develop, the gas velocity
will rise to critical ranges which can be controlled no longer
or only with difficulty by conventional techniques.

SUMMARY OF THE INVENTION

As a solution of the problems discussed, the invention
proposes an improved design of the degassing device. This
branches the gas stream into at least three separate streams in
the closed portion of the main extruder, on which are provided
at least a first degassing port disposed upstream or down-
stream of the portion of evaporation and at least two degas-
sing elements opposed to each other radially in relation to the
main extruder and disposed between the portion of evapora-
tion and the at least one first degassing port. By reason of this
design, the gas velocity, in particular in the critical ranges, is
reduced by analogy with the number of separate streams.
Consequently, the degassing capacity and thus the throughput
of the product to be degassed can be increased drastically.

The two additional degassing clements are preferably
embodied as ancillary screw extruders opening radially into
the main extruder. In this case, single shaft or multiple shaft
machines of counter- or co-rotating design can be used as in
the case of the main extruder. Preferably, the conveying direc-
tion of the ancillary screw extruders is in the direction toward
the main extruder—i.e. counter to the gas stream—so that any
material entering the ancillary screw extruders is pressed
back.

Advantageously, the screws of the ancillary screw extrud-
ers are provided with plane faces that are disposed at a mini-
mum distance from the screws of the main extruder. This
helps ensure unimpeded transition of steam in the vicinity of
the separate streams and avoid so-called “dead corners”.

By the screws of the ancillary screw extruders expanding
conically outwards, the flow rate can be further reduced,
which additionally improves the controllability of great quan-
tities of gas. For discharging extremely high quantities of gas
or steam, combined cocurrent and countercurrent flow degas-
sing is of advantage, for which a degassing device is provided
upstream as well as downstream of the portion of evaporation,
comprising a degassing port and two degassing elements
radially opposed to each other preferably in the form of two
ancillary screw extruders. This helps attain virtually sixfold
branching of the gas stream.
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For further improvement of operational reliability, dam-
ming elements can be incorporated between the position of
evaporation and the degassing ports, these elements being
disposed for example before the mouths ofthe ancillary screw
extruders or in the ancillary screw extruders themselves.

The ancillary screw extruders are preferably designed as
twin-screw extruders which can be flanged to the main
extruder in various positions relative to the latter’s conveying
direction—for instance with the positional plane spanned by
the axes of their screws in parallel or at right angles to the
conveying direction of the main extruder.

Selective influence on the material, for instance systematic
dirt removal, can be attained by varying conveying directions
and/or pitches of the screws of the ancillary screw extruders
radially opposed to each other.

Further features, details and advantages of the invention
will become apparent from the ensuing description of various
exemplary embodiments of the subject matter of the inven-
tion, taken in conjunction with the drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 to 3 are diagrammatic illustrations of an extruder
mechanism in a plan view, having varying triple branchings,

FIG. 4 is a diagrammatic illustration of an extruder mecha-
nism in a plan view, having two triple branchings,

FIGS. 5to 7 are diagrammatic sections through an extruder
mechanism with ancillary screw extruders in the cutting plane
V-V of FIG. 2, showing varying arrangements of the degas-
sing ports,

FIGS. 8 and 9 are analogous sectional views showing vary-
ing branching possibilities, and

FIGS. 10 to 12 are diagrammatic illustrations of extruder
mechanisms in a plan view, comprising various additional
arrangements.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates the basic structure of an extruder mecha-
nism according to the invention, which is the same in all the
embodiments shown. The extruder mechanism comprises a
main extruder 1, which is a twin-screw extruder with two
meshing screws 2, 3 for material processing. The main
extruder 1 is to be used in particular for the removal by
degassing of volatile components from viscous fluids. A feed
device 4, for instance a hopper with a feed screw, serves for
the supply of material.

A material discharge device 5 in the form of a die is dis-
posed at the opposite end of the main extruder 1. A heating
installation is available on the housing of the main extruder in
conventional manner, but not shown in detail.

In a manner radially opposed to each other, two ancillary
screw extruders 7, 8 are disposed on the main extruder 1, their
conveying chamber opening radially into the main extruder 1.
The ancillary screw extruders 7, 8 are twin-screw extruders.
The faces 9 of their screws 10 are plane and located at a
minimum distance from the screws 2 and 3, respectively, of
the main extruder 1. The ends, turned away from the main
extruder 1, of the ancillary screw extruders 7, 8 are provided
with degassing ports 11, 12 to which to admit underpressure
or atmospheric pressure.

A third conventional degassing port 13 is provided on the
main extruder 1 at an axial distance from the two ancillary
screw extruders 7, 8.

The above general explanation of the subject matter of the
invention based on FIG. 1 is valid for all the other exemplary
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4

embodiments seen in the figures with the exception of con-
figurations explicitly mentioned for the other embodiments.
In this context, identical components have the same reference
numerals and require no renewed explanation.

The embodiment seen in FIG. 1 is an extruder mechanism
of cocurrent flow degassing. In this case, for instance moist
bulk material is led into the main extruder 1 by way of a feed
device 4 in the form of an inlet and is moved via the two
screws 2, 3 to a section comprising kneading disks 16. This is
where the supplied material is melted. The heat of dissipation
produced thereby works as a heat of evaporation for the
volatile accompanying substance. Steam expansion takes
place directly after the melting zone 22.

Strong outgassing and steam generation occurs in this por-
tion of evaporation 14, the discharge of gas or steam taking
place from the portion of evaporation in the conveying direc-
tion F in the example according to FIG. 1.

For controlling the high gas velocities occurring as a result
of'the high gas evolution rate, the two ancillary screw extrud-
ers 7, 8 form a so-called branch node 18 between themselves,
in which the gas stream divides into three separate streams 19,
20, 21. The branch node 18 is disposed within the closed part
of the main extruder 1, lying downstream of the portion of
evaporation 14 in the case of cocurrent flow degassing. The
gas of the two separate streams 19, 20 is discharged via the
radially arranged ancillary screw extruders 7, 8. Since the
conveying direction F' of the screws 10 is opposed to the
separate streams 19 and 20, any melt entering the ancillary
screw extruders 7, 8 is returned into the main extruder 1.

The third separate stream 21 leads to the degassing port 13
which is again located downstream of the portion of evapo-
ration 14 and the branch node 18.

Specific distribution of the volume rate of the separate
streams 19, 20, 21 can be obtained by varying adjustment of
the suction pressure at the degassing ports 11, 12, and 13. The
suction pressure to be applied depends on the steam pressure
in the volatile substance, customarily ranging from 200 mbar
to approximately 5 bar in case major quantities of solvents are
degassed. Of course, atmospheric pressure is to be provided
preferably.

The overture seen in FIG. 2 differs from FIG. 1 in that an
arrangement for countercurrent flow or backward degassing
is illustrated. In this case the portion of evaporation 14 is
disposed downstream of the ancillary screw extruders 7, 8 in
the conveying direction F of the main extruder 1. In the
upstream area of the degassing port 21 of the main extruder 1,

case (A): melt can be supplied from an upstream process

section, or

case (B): the screws are not filled, i.e. the process section of

the main extruder 1 starts by backward degassing.

A typical example of case (A) is the production of polymer
blends, a polymer component [ being supplied as a melt to the
degassing section 21 and a polymer component I1 being fed as
moist bulk material, as an emulsion or as a polymer solution
(overheated or not overheated) via a feed device 17 into the
main extruder. The volatile accompanying substance evapo-
rates in the portion of evaporation 14 because of the supply of
energy from the polymer component I. The short screw sec-
tion 15 that runs in the opposite direction constitutes a melt
seal in the conveying direction. The steam flows in a counter-
current flow through the screw portion partially filled with the
polymer melt I and to the branch node 18 where it is split up
among the degassing ports 19, 20 and 21. The polymer com-
ponents I and II are homogenized in the kneading portion 16.

A typical example of case (B) is the supply of a pressurized,
overheated polymer solution, by way of an appropriate valve
17 as a feed device, to the portion of evaporation 14 of the
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main extruder. The solvent constituent evaporates spontane-
ously upon expansion. The polymer constituent forms a melt
seal in the damming portion 15 so that the solvent steam is
forced to move via the upstream screw spirals in the direction
towards the degassing ports 19, 20, 21. In the kneading por-
tion 16, heat is again supplied by dissipation to the cooled
solution and any residual solvent is removed, if necessary, in
further degassing zones. The solvent constituent of a polymer
solution can range from 10% to 90%. Backward degassing in
three separate streams can concentrate for instance a solution
of'a content of 70% of a solvent to a content ranging from 5 to
10% of a solvent in the polymer.

In the example of FIG. 3, same as in FIG. 1, cocurrent flow
degassing takes place by ancillary screw extruders 7, 8 dis-
posed downstream of the portion of evaporation 14 and a third
degassing port 13. However, in this case, use is made of an
entrainer in the form of water which is supplied through a
corresponding feed device 17 to the main extruder 1. At the
place of supply, kneading disks 16 are again provided for
strong actuation of the material to be treated.

FIG. 4 illustrates a main extruder 1 which works by com-
bined cocurrent and countercurrent flow degassing. Again a
portion of evaporation 14 is formed substantially centrally in
the main extruder 1 by two sections that comprise kneading
disks 16. Ancillary screw extruders 7, 8, 7', 8 are attached to
the main extruder 1 upstream as well as downstream in the
way described. The further degassing port 13, 13' is located
still further upstream and downstream of the portion of evapo-
ration 14. Consequently, upstream as well as downstream of
the portion of evaporation 14, there are two triple branchings
of'the developing gas stream into the separate streams 19, 20,
21 and 19', 20", 21', this meaning controllability of particu-
larly high volume rates of the gas stream.

FIGS. 5 to 7 illustrate varying alternatives of the degassing
ports 11, 12 on the ancillary screw extruders 7, 8. These
degassing ports 11, 12 may be disposed either upwards (FIG.
5) or downwards (FIG. 6). Ports 11, 12 discharging all-over
are conceivable as well (FIG. 7).

A special configuration of ancillary screw extruders is seen
in FIGS. 8 and 9, respectively.

In the embodiment according to FIG. 8, six ancillary screw
extruders 7, 8 (each embodied as a twin-screw extruder) are
disposed opposite to each other in the radial direction relative
to the main extruder 1. The two ancillary screw extruders 7, 8
are horizontal, the positional plane E1 spanned by the two
axes of their screws being parallel to the conveying direction
F (see FIG. 1) of the main extruder 1 and coinciding with the
positional plane spanned by the two longitudinal axes of the
screws 2, 3.

Another four ancillary screw extruders 23, 24, 25, 26 are
disposed radially upwards and downwards, respectively, for
quantities of gas to be discharged from the main extruder 1.
The positional planes E2, E3, E4, ES spanned by the respec-
tive axes of the two screws of these ancillary screw extruders
23 to 26 are again parallel to the conveying direction F (see
FIG. 1); however, they are perpendicular to the positional
plane spanned by the two axes of the screws 2, 3. Rather, the
axes of the screws 2, 3 themselves lie in the positional planes
E2 to ES5.

In the embodiment of FIG. 9, four ancillary screw extrud-
ers 7, 8, 23, 24 are disposed radially opposing each other on
the main extruder 1 for the purpose of additional venting. The
positional plane E1 of the two horizontal ancillary screw
extruders 7, 8 corresponds to that of the embodiment accord-
ing to FIG. 8; consequently, the positional plane E1 is hori-
zontal and coincides with the positional plane spanned by the
two axes of the screws 2,3.
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The positional planes spanned by the longitudinal axes of
the screws 10 of the ancillary screw extruders 23, 24 are
vertical and disposed at right angles to the conveying direc-
tion F (see FIG. 1).

In the embodiment seen in FIG. 10, which fundamentally
means cocurrent flow degassing by way of three separate
streams 19, 20, 21, kneading disks 16 are used in the vicinity
of'the branch node 18 in the main extruder 1. These kneading
disks 16 serve to collect for example foam particles plucked
out of the melt during steam expansion.

In another embodiment of an extruder according to the
invention seen in FIG. 11, which again works based on cocur-
rent flow degassing branched into three separate streams 19,
20, 21, damming elements in the form of kneading disks 16
are disposed between the portion of evaporation 14 and the
branch node 18 in the main extruder 1. Further kneading disks
16' are provided in the vicinity of the mouths of the two
ancillary screw extruders 7, 8.

As roughly outlined in FIG. 12, the screws 10 of the ancil-
lary screw extruders are provided with portions 27 of reversed
pitch, this ensuring for instance the removal of dirt. As for the
rest, the embodiment according to FIG. 12 corresponds to that
according to FIG. 10.

What is claimed is:

1. A screw extruder mechanism for processing strongly
outgassing materials, comprising:

a main extruder (1) with screws (2, 3) for proper material
processing, with a conveying direction (F) and with a
portion of evaporation,

a material feed device (4) at the main extruder (1) for a
supply of material to be processed,

a material discharge device (5) at an end of the main
extruder, and

a degassing device on the main extruder (1) for a discharge
of a gas stream from the portion of evaporation (14), and

wherein for the gas stream to branch into at least three
separate streams (19, 20, 21) in a closed portion of the
main extruder (1), the degassing device comprises at
least a first degassing port (13, 13") disposed upstream or
downstream of the portion of evaporation (14) and at
least two degassing elements (7, 8; 7',8') opposed to each
other radially in relation to the main extruder (1) and
extending from opposite sides of the main extruder, said
degassing elements being disposed between the portion
of evaporation (14) and the at least one first degassing
port (13, 13").

2. A screw extruder mechanism according to claim 1
wherein the at least two degassing elements are ancillary
screw extruders (7, 8; 23, 24, 25, 26) which open radially into
the main extruder (1) via mouths.

3. A screw extruder mechanism according to claim 2,
wherein a conveying direction of the ancillary screw extrud-
ers (7, 8;23, 24,25, 26) points in a direction towards the main
extruder.

4. A screw extruder mechanism according to claim 2, com-
prising damming elements (16) disposed in the main extruder
(1) before the mouths of the ancillary screw extruders (7, 8).

5. A screw extruder mechanism according to claim 2, com-
prising damming elements (16) disposed in the ancillary
screw extruders (7, 8).

6. A screw extruder mechanism according to claim 2,
wherein the ancillary screw extruders (7,8; 23,24,25,26) com-
prise degassing ports (11,12), which are directed downwards.

7. A screw extruder mechanism according to claim 2,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26,)
comprise degassing ports (11 12), which are directed
upwards.
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8. A screw extruder mechanism according to claim 2,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26)
comprise degassing ports (11, 12), which discharge all-over
externally.

9. A screw extruder mechanism according to claim 2,
wherein the ancillary screw extruders (7, 8; 23, 24, 25,26) are
twin-screw extruders which are mounted on the main
extruder (1) in such a way that a positional plane (E1) spanned
by axes of the screws of the ancillary screw extruders (7, 8; 23,
24, 25, 26) is parallel to the conveying direction (F) of the
main extruder (1).

10. A screw extruder mechanism according to claim 2,
wherein the ancillary screw extruders (23, 24) are twin-screw
extruders which are mounted on the main extruder (1) in such
a way that a positional plane (E2, E3) spanned by axes of the
screws of the ancillary screw extruders (23, 24) is at right
angles to the conveying direction (F) of the main extruder (1).

11. A screw extruder mechanism according to claim 2,
wherein said radially opposed ancillary screw extruders (7, 8)
have varying conveying directions and pitches.

12. A screw extruder mechanism according to claim 1,
wherein for combined concurrent and countercurrent flow
degassing, one of said degassing devices is disposed upstream
and one of said degassing devices is disposed downstream of
the portion of evaporation (14).

13. A screw extruder mechanism for processing strongly
outgassing materials, comprising:

a main extruder (1) with screws (2, 3) for proper material

processing,

with a conveying direction (F) and with a portion of evapo-

ration,

a material feed device (4) at the main extruder (1) for a

supply of material to be processed,

a material discharge device (5) at an end of the main

extruder, and
adegassing device on the main extruder (1) for a discharge
of'a gas stream from the portion of evaporation (14), and

wherein for the gas stream to branch into at least three
separate streams (19,20,21) in a closed portion of the
main extruder (1), the degassing device comprises at
least a first degassing port (13, 13') disposed upstream or
downstream of the portion of evaporation (14) and at
least two degassing elements (7,8,7', 8') opposed to each
other radially in relation to the main extruder (1) and
disposed between the portion of evaporation (14) and the
at least one first degassing port (13, 13"), and

wherein the at least two degassing elements are ancillary

screw extruders (7, 8; 23, 24, 25, 26) which open radially
into the main extruder (1) via mouths, and

wherein the screws (10) of the ancillary screw extruders (7,

8;23, 24,25, 26) are provided with plane faces (9) which
are disposed at a minimum distance to the screws (2,3) of
the main extruder (1).

14. A screw extruder mechanism according to claim 13,
wherein for combined concurrent and countercurrent flow
degassing, one of said degassing elements is disposed
upstream, and one of said degassing elements is disposed
downstream of the portion of evaporation (14).

15. A screw extruder mechanism according to claim 13,
comprising damming elements(16) disposed in the main
extruder (1) before the mouths of the ancillary screw extrud-
ers(7.8).

16. A screw extruder mechanism according to claim 13,
comprising damming elements(16) disposed in the ancillary
screw extruders (7, 8).
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17. A screw extruder mechanism according to claim 13,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26) are
twin-screw extruders which are mounted on the main
extruder (1) in such a way that a positional plane (E1) spanned
by axes of the screws of the ancillary screw extruders (7, 8; 23,
24, 25, 26) is parallel to the conveying direction (F) of the
main extruder (1).

18. A screw extruder mechanism according to claim 13,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26) are
twin-screw extruders which are mounted on the main
extruder (1) in such a way that a positional plane (E2, E3)
spanned by axes of the screws of the ancillary screw extruders
(23, 24) is at right angles to the conveying direction (F) of the
main extruder (1).

19. A screw extruder mechanism for processing strongly
outgassing materials, comprising:

a main extruder (1) with screws (2, 3) for proper material
processing, with a conveying direction (F) and with a
portion of evaporation,

a material feed device (4) at the main extruder (1) for a
supply of material to be processed,

a material discharge device (5) at an end of the main
extruder, and

a degassing device on the main extruder (1) for a discharge
of a gas stream from the portion of evaporation (14), and

wherein for the gas stream to branch into at least three
separate streams (19,20,21) in a closed portion of the
main extruder (1), the degassing device comprises at
least a first degassing port (13, 13") disposed upstream or
downstream of the portion of evaporation (14) and at
least two degassing elements (7,8, 7', 8') opposed to each
other radially in relation to the main extruder (1) and
disposed between the portion of evaporation (14) and the
at least one first degassing port (13, 13"), and

wherein the at least two degassing elements are ancillary
screw extruders (7, 8;23, 24, 25, 26) which open radially
into the main extruder (1) via mouths, and

wherein the screws (10) of the ancillary screw extruders (7,
8; 23, 24, 25, 26) expand conically outward.

20. A screw extruder mechanism according to claim 19,
wherein for combined concurrent and countercurrent flow
degassing, one of said degassing elements is disposed
upstream, and one of said degassing elements is disposed
downstream of the portion of evaporation (14).

21. A screw extruder mechanism according to claim 19,
comprising damming elements(16) disposed in the main
extruder (1) before the mouths of the ancillary screw extrud-
ers (7, 8).

22. A screw extruder mechanism according to claim 19,
comprising damming elements(16) disposed in the ancillary
screw extruders (7, 8).

23. A screw extruder mechanism according to claim 19,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26) are
twin-screw extruders which are mounted on the main
extruder (1) in such a way that a positional plane (E1) spanned
by axes of the screws of the ancillary screw extruders (7, 8; 23,
24, 25, 26) is parallel to the conveying direction (F) of the
main extruder (1).

24. A screw extruder mechanism according to claim 19,
wherein the ancillary screw extruders (7, 8; 23, 24, 25, 26) are
twin-screw extruders which are mounted on the main
extruder (1) in such a way that a positional plane (E2, E3)
spanned by axes of the screws of the ancillary screw extruders
(23, 24) is at right angles to the conveying direction (F) of the
main extruder (1).



