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Abstract: Extrusion is one of the most important processes in polymer processing technology, just next to injection molding. The first
extruder was invented and patented in 1879 by Matthew Gray, which used Archimedes screw in its design [1]. Since that time, constantly
work on improving the work of extruders was carried out, which are implemented in two different ways, technological or constructional [2,
3, 4]. The constructional method involves both the modification of the screw design and the entire barrels of the plasticizing system.
Evidence of the relevance of this issue may be the number of patents describing the classic and unconventional constructions of extruders
[4]. The aim of the following work is to conduct a review of the contemporary construction solutions of the plasticizing systems barrels,
whose applications were intended to improve the efficiency and effectiveness of the extrusion process. One of the most interesting solutions is
the kinematic activation of the barrel wall in the metering zone by introducing a rotary sleeve in a plasticizing system whose rotational speed
and direction can be freely modified.
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Fig. 2 presents a diagram describing the phenomena occurring
during plasticization of plastics. All the phenomena described on it
are closely related and the change of technological and
constructional factors will possibly have different effects on every
other factor. For example, increasing the rotational speed of the
screw causes an increase in the mass flow rate of the material, i.e.
improves the extrusion efficiency, but the material will remain
shorter in the plasticizing system, which will adversely affect its
homogenization and degree of plasticity, as well as increased shear
rate may lead to overheating of the material near barrel surface.
Therefore, when choosing technological parameters, one should
always strive for a compromise between performance and quality of
the extrudate. or seek for design solutions that will provide both [5,
6].

1. Introduction
Polymer materials in order to use them for production of
functional elements must undergo a process of changing the
physical state and transitioning into a plastic state allowing free
molding. Plasticization is a process in which processed material is
changing its physical state from solid into a plastic or liquid state
and reaches certain parameters, such as temperature, pressure,
degree of homogenization, speed of movement and flow rate. The
mechanism of the plasticizing process depends on the processing
method used. For example, a completely different dynamics of
extrusion and injection molding causes clear differences in the
plasticization of the material. Extrusion is a continuous process, and
plasticizing takes place under conditions of dynamic equilibrium in the conditions of a rotating screw. During injection, melting takes
place in a dynamic as well as static way (static screw) [5, 6, 7].
The issue of plasticizing plastic has its origins in the XIX
century. when in 1879 Gray patented the first extruder using the
Archimedes screw as a working element in the plasticizing system.
During this period, two similar devices were created in Germany
and in the USA, but Gray's Patent was the first clear and
unambiguous statement. Since then, the general appearance of
plasticizing systems in extruders has not practically changed.
Besides heating, cooling and driving elements responsible for the
technological parameters of extrusion, only two structural elements,
and specifically their geometry, have a direct impact on the
characteristic of the extrusion process, those elements are screw and
barrel. The design of the single-screw plasticizing system is being
successively improved, but the general assumption remains
unchanged, i.e. it assumes placing a rotating screw in a fixed barrel
of the plasticizing system (Fig. 1) [1, 8].

Fig. 2 Phenomena occurring during the plasticizing process and their
influence on the material properties and characteristic of the extrusion

The control of the extrusion process characteristics can be based
on two trends. The first one involves the control of technological
parameters of the process, such as temperature, pressure of the
processed material and rotational speed of the screw. Corrections of
technological parameters can be made at any time, even during the
extrusion. However, the influence of temperature and rotational
speed of the screw on the degree of material homogenization is
rather limited. To significantly improve the degree of
homogenization of the composition and properties of the processed
polymer material, it is necessary to apply the constructional
modification by changing the screw geometry or by using passive
mixing elements on the barrel surface. According to the diagram
shown in figure 3, increasing the efficiency of extrusion by
constructional method can be divided into two branches -

Fig. 1 A scheme of classic single-screw plasticizing system: 1 – screw, 2 –
barrel, 3 – heaters, 4 – hopper, 5 – direction of the polymer flow, 6 –
rotational movement of the screw
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modifications of the screw design (classic, special, unconventional,
barrier, mixing), and modifications of the barrel design [9].

Fig. 6 The active grooved feeding zone of the extruder with a set of four
plates mounted on the joints symmetrically to the barrel axis:  - groove
angle, 1 – hinge,2 – barrel, 3 – swinging plates, 4 – longitudinal grooves, 5
– surface of the plate creating bottom of the groove, 6 – screw, 7,8 – flanges,
9 – inner surface of the barrel, 10 – bracket [13]
Fig. 3 Methods for improving the efficiency of the extrusion process

In the case of innovative barrel design solutions developed in
recent years, two main directions of development can be
distinguished. One of them is related to the upgrading of the
metering zone of the plasticizing system by introducing intense
mixing elements that are placed on the inner surface of the barrel.
Upgrading of the barrel design in the metering zone usually consists
in placing on the inner surface of the barrel appropriate projections,
pins, grooves or notches, which cooperate with geometrically
corresponding elements located on the surface of the screw (fig. 4
and fig. 5). The elements of intense mixing in the metering zone are
usually passive, and the change in extrusion characteristics must
take place by stopping the extruder and retooling it [10, 11, 12].

Fig. 7 Active grooved feeding zone of the extruder with a set of four slats
and wedges arranged symmetrically with respect to the barrel axis: 1 barrel, 2 - sleeve, 3 - sliding wedge, 4 - slat, 5 - longitudinal groove with
variable depth, h - groove depth ,  - groove angle [14]

Fig. 4 Barrel with a broken screw channel on the inner surface, forming
together with cooperating pins on the surface of the screw, an element of
intensive mixing [10]
Fig. 8 Active grooved feeding zone of the extruder with twisting sleeve:  groove angle, 1 - barrel, 2 - sleeve, 3 - grooves, 4 - worm wheel, 5 - worm, 6
- plastic container, 7 - fixing pin [13]

There is also a small group of original unconventional structural
solutions, in which you can distinguish several interesting solutions
involving the kinematic activation of the barrel fragment in the
metering zone.

2. Results and discussion
The aim of the work was to carry out research on the current
state of the art of unconventional single-screw plasticizing systems
of extruders, with particular emphasis on unconventional
constructional solutions involving the kinematic activation of the
barrel segment. The rest of the article describes all known
constructional solutions included in the patent databases.

Fig. 5 An element of intensive mixing formed by a sleeve with pins on its
inner surface and associated pins on the surface of the screw [11]

The second direction of barrel improvement concerns the
feeding zone and consists in placing grooves on the inner surface of
the barrel that intensify the collection and transport of the material
(fig. 6, fig. 7 and fig 8). The improvement of the barrel in the area
of the feeding zone usually consists of grooves on the inner surface
of the barrel, which increase the friction of the polymeric pellets
and surface of the barrel and force their movement along the
grooves, and as a consequence, the uptake and transport of the
material is intensified. Barrels with a active grooved feeding zone
are of great importance in the autothermal extrusion process, which
is why they were the subject of many research works and patent
studies regarding the activation of this zone [12, 13, 14].

The first structural solution introducing the possibility of
rotation of a barrel fragment (PL 185728) was developed in 1998 by
R. Sikora and J. W. Sikora (fig. 9). In this solution, the plasticizing
system consists of two fixed parts and a movable part between
them, adjacent to the fixed parts and placed in an outer casing
attached to both fixed parts. The movable part has the ability to
perform rotary motion in accordance or opposite to the movement
of the screw, it is driven by an external motor and performs a rotary
motion independent of the movement of the screw. The rotating
element is preferably located in the central part of the plasticizing
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system, and its inner surface can be smooth, uniformly geometric or
it can have straight or torsional grooves on its surface [15].
In another Polish patent No. 217558 a plasticizing system
equipped with a rotating sleeve located in the melting zone is
described (fig. 10). The sleeve is placed in a two-part housing, by
means of which it is attached to the stationary parts of the
plasticizing system with the use of sealing sleeves, preferably
conical or spherical. The sleeve is mounted thanks to the rolling
bearings attached to the housing, it is driven independently by an
external motor and can rotate either in a clockwise or counterclockwise manner [16].

Fig. 11 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1- rotational sleeve, 2- housing, 3,4 – stationary barrel
segments, 5,6- cover parts, 7- connecting screws, 9- gouge, 10,11- bearings,
12,13- peripheral surfaces of the sleeve, 14,15- sealing rings, 16,17- front
surfaces of the sleeve, 18,19- front sealing rings, 20,21 – driving gears, 26electric heater [17]

Another solution regarding a rotating barrel segment of the
plasticizing system known from patent specification No. PL 221688
(fig. 12 and fig. 13) focuses on the geometry of the inner surface of
the sleeve. It describes the geometry of the grooves, here called
processing furrows, and more precisely their shape in the crosssection and longitudinal section, as well as the dimensional
characteristics. The processing furrow may have a variable
geometry of the cross-section, where, according to the patent
description, shapes occurring in the cross-section are referred to as
semiprostagonal or quasi-triangular [18].

Fig. 9 First known plasticizing system equipped with rotational sleeve of the
barrel: 1,2- fixed segments of the barrel, 3- rotational sleeve, 4- rotational
movement of the sleeve, 5- axis of the screw, 6- inner surface of the barrel,
7- grooves, 8,9- bearings, 10- gear, 11- outer cover [15]

Fig. 12 Cross-section through a plasticizing system with a rotational sleeve:
1- rotational sleeve, 2- inlet part of the active barrel, 3- outlet part of the
active barrel; H1-H4 - diameters of the rotating sleeve at the indicated
points, L - total length of the rotational sleeve L1-L6 - lengths of individual
parts of the plasticizing system; A, B, C, D, E - cross-sections [18]

Fig. 10 Scheme of the plasticizing system equipped with active rotational
segment: 1,2- housing, 3- special nut, 4- gear, 5,6- saling sleeves, 7rotational sleeve, 8,9- bearings, 10,11- fixed barrel segments; a, b, c –
contact surfaces of the housing and sealing sleeves to the fixed part of the
barrel [16]

Another design solution presented in the description of the
utility model No. PL 67459 (Fig. 11) consists of a rotating sleeve
placed between stationary parts of the plasticizing system. The
sleeve is placed in a housing that is rigidly connected to fixed parts
of the plasticizing system. The cover of the sleeve consists of
detachably connected components. In the front and rear part of the
rotary sleeve cover, cylindrical shaped recesses are made, which
connect with geometrically corresponding projections on the
stationary parts of the plasticizing system. The sleeve is supported
by means of roller or sliding bearings mounted in the cover and
driven independently by an external motor. The places where the
sleeves are connected to the fixed parts of the plasticizing system
are sealed with special rings [17].

Fig. 13 Cross-sections with reference to fig.12 [18]

The next four design solutions describing plasticizing systems
equipped with rotary sleeves with polygonal cross-sections are
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presented in patent documents with numbers PL 224842, PL
225775, PL 225805, PL 225804.
The essence of this patent No. PL 224842 (fig. 14) is the use of
a rotary sleeve with a regular hexagon cross-section in the metering
zone with rounded tops and a screw with a segment with a regular
hexagon cross-section with rounded tops located in the rotary sleeve
zone. The rotating sleeve can perform a rotary movement that is
consistent or opposite to the direction of rotation of the screw and
has an independent drive [19].

Fig. 16 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[21]

The fourth solution describing the design of a plasticizing
system with a rotating sleeve is shown in patent No. PL 225804
(fig. 17). The solution outlined therein describes the use of a rotary
sleeve with a regular hexagonal cross-section with rounded tops in
the metering zone whose bases are twisted in relation to each other
against the direction of rotation of the screw , and a screw with a
segment located in the zone of the rotary sleeve with a regular
hexagonal cross-section with rounded tops, the bases of which are
twisted in relation to each other in the direction of rotation of the
screw. The rotating sleeve can perform a rotary movement that is
consistent or opposite to the direction of rotation of the screw and
has an independent drive [22].

Fig. 14 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[19]

Patent No. PL 225775 (fig. 15) describes a constructional
solution, the essence of which is the use of a rotary sleeve with a
regular hexagon shaped cross-section in the metering zone with
rounded tops whose bases are twisted in relation to each other, and
a screw with a segment with a regular hexagonal cross-section with
rounded vertices whose bases are twisted in relation to each other,
located in the region of the rotary sleeve. The rotating sleeve can
perform a rotary movement that is consistent or opposite to the
direction of rotation of the worm and has an independent drive [20].

Fig. 17 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[22]

Patent description PL 222453 (B1) (fig. 18) discloses a
constructional solution for a screw extruder for polymeric materials,
equipped with a processing screw with a special construction and a
rotating sleeve of the barrel cooperating with it. The rotating sleeve
is located between coaxial stationery segments of the barrel. The
processing screw in the part that cooperate with the rotational sleeve
in the linear position has a left-turn flight and a pitch equal to the
nominal diameter. Behind the left-handed flight there is a
thickening of the screw core, which forms a small gap with the
inner surface of the barrel. There are three rows of pins with a
rectangular cross-section behind the thickening. The rotary sleeve is
circumferentially provided with longitudinal grooves and a variable
diameter [23].

Fig. 15 Plasticizing system equipped with rotational sleeve with a polygonal
cross-section: 1-rotational sleeve, 2- screw geometric element, 3-screw, 4.5stationary parts of the barrel, 6- housing, 7- drive gear, 8-rolling bearings
[20]

In the third patent specification No. PL 225805 (fig. 16) a
description of the plasticizing system is provided using a rotary
sleeve with a regular hexagon cross-section with rounded tops in the
metering zone and a screw with a segment with a regular hexagonal
cross-section with rounded tops located in the rotary sleeve zone.
The cross-sectional area of both the rotating sleeve and the screw
geometric segment is increased towards the extrusion head. The
rotating sleeve can perform a rotary movement that is consistent or
opposite to the direction of rotation of the screw and has an
independent drive [21].
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Fig. 18 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1 – barrel, 2 – screw, 3 – housing, 4 – rotational sleeve, 5 –
drive gear, 6 – screw flight, 7 – right-handed flight, 8 - cylindrical element, 9
– row of pins, 10 – longitudinal grooves on the rotational sleeve [23]

The result of the research of the state of the art regarding the
construction of plasticizing systems equipped with a rotational
barrel segment was the development of six new innovative designs
of plasticizing systems with rotational sleeves. The most promising
solution is the plasticizing system described in the patent
application with the number of P.429567 (fig. 19), the essence of
the solution consists in manufacturing rotational sleeve of the barrel
with flight on its inner surface. The invention may function in
various configurations of the flight winding direction, its depth,
pitch value and with different arrangements of geometrical features
of the flight on the screw [26].

Fig. 19 Scheme of the plasticization system equipped with rotational sleeve
of the barrel: 1a,1b – stationary segments of the barrel, 2 – housing, 3 –
screw, 3a – screw flight, 3b – part of the screw cooperating with rotational
sleeve, 4 – rotational sleeve, 4a – sleeve’s flight, 4b – gear, 5 – driving gear,
6 – bearings [26]

The other five constructions described in detail in following
patent applications P.429561, P.429568, P.429566, P.429569,
P.429570 are based on the use of multiple rotary sleeves at the same
time, each of which can rotate independently, both in terms of
direction and speed of rotation. This combination of active elements
suits the creation of unique processing conditions impossible to
achieve on classic single and twin screw extruders [24, 25, 27-29].

3. Conclusions
The use of the presented solutions of plasticizing systems
allows for a precise and quick corrections of the processing
conditions or a complete change of the extrusion process
characteristic without the need to stop the processing and retooling
of the extruder. Therefore, the designs described in this paper are
suitable for laboratory or industrial applications that are associated
with frequent changes in the material being processed or the type
and amount of additives in the form of fillers and pigments.
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