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Multi-screw extruders – an overview
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Abstract: Screw extrusion is a cost-effective and solvent-free method for manufacturing  polymer blends 
and composites. This article reviews the latest developments in the field of multi-screw extruders, i.e. 
triple-screw, quad-screw, octa-screw, ring, planetary and multi-rotation system (MRS). The authors also 
discussed limitations and directions of multi-screw extruders development.
Keywords: melt-compounding, reactive extrusion, recycling, multi-screw extruders.

Wytłaczarki wieloślimakowe – przegląd literatury
Streszczenie: Wytłaczanie ślimakowe jest ekonomiczną i bezrozpuszczalnikową metodą wytwarzania 
mieszanin polimerowych i kompozytów. Niniejszy artykuł stanowi przegląd najnowszych osiągnięć 
w zakresie wytłaczarek wieloślimakowych tj. trójślimakowych, czteroślimakowych, ośmioślimakowych, 
pierścieniowych i planetarnych oraz systemu MRS. Omówiono również ograniczenia i kierunki rozwo-
ju wytłaczarek wieloślimakowych.
Słowa klucze: mieszanie w stanie stopionym, wytłaczanie reaktywne, recykling, wytłaczarki wielośli-
makowe.

In 2019, the International Union of Pure and Applied 
Chemistry (IUPAC) identifies reactive extrusion along 
with flow chemistry among the top ten emerging tech-
nologies in chemistry with the potential to make our 
planet more sustainable [1]. Screw extrusion is one of 

the most important and massive technology in the poly-
mer manufacturing [2], which is due to the continuity 
and short time of the process, high mixing efficiency, 
high capacity, excellent quality of obtained products [3]. 
Nowadays, intermeshing co-rotating twin-screw extru-
ders are the most common choice for compounding and 
reactive extrusion [4–6], due to a modular construction, 
very good mixing capability and good pressure build-
-up. However, growing demand on the new materials 
with special and/or high-performance properties enfor-
ced the academic and industry to develop novel manu-
facturing methods based on extrusion technologies [7–9]. 
In this field of research, the application of multi-screw 
extruders with unique processing characteristics seems 
to be very promising approach for future development. 
However, literature information about application of the 
multi-screw extruders in polymer manufacturing are still 
limited. Therefore, this work is aimed to fill the current 
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knowledge gaps in this area by comparing features of 
multi-screw extruders with commonly used twin-screw 
extruder.

STATE-OF-ART IN THE MUTLI-SCREW 
EXTRUSION

Fig. 1 shows the general classification of multi-screw 
extruders, i.e. triple-screw, quad-screw, octa-screw, multi-
-rotation system (MRS), ring and planetary extruders.

The development of multi-screw extruders for polymer 
processing is currently at an early stage and, as shown in 
Table 1, the number of findings on multi-screw extruders 
in the most popular scientific databases (Google Scholar, 
Scopus, Web of Science) is still limited.

T a b l e 1. Number of results in different databases depending 
on the type of extruder 

Extruder type
Database*)

Google 
Scholar Scopus Web 

of Science
Triple-screw 91 78 12
Quad-screw 39 18 5
Octa-screw 10 2 2
Multi-rotation system 25 8 0
Ring 52 7 2
Planetary 104 40 6

*) Searching was performed on 05 January 2024

For example, the number of results in the Google 
Scholar database ranged from 10 (eight-screw extruder) 
to 104 (planetary extruder), whereas in the Web of Science 
database the number of results ranged from 0 (multi-
-screw system) to 12 (triple-screw extruder).

This chapter summarizes the state-of-the-art in multi-
-screw extrusion based on screw configuration, inclu-
ding the triple-screw, quad-screw, octa-screw, multi-rota-
tion system, ring, and planetary extruder.

Triple-screw extruders

Triple-screw extruders can be divided considering the 
screws configuration into parallel and triangle-arrayed. 
Parallel triple-screw extruders are industrially availa-
ble machines produced mostly in China and Türkiye by 
company established within last two decades, for exam-
ple: Useon Technology Limited (2006), Nanjing Kerke 
Extrusion Equipment Co., Ltd. (2009), Nanjing Cowin 
Extrusion Machinery Co., Ltd. (2012), Nanjing Kailida 
Machinery Co., Ltd. (2013) or Polmak Plastik (2009). The 
main advantages of parallel triple-screw extruders are 
excellent mixing, self-cleaning, narrow residence time 
distribution, high torque, and throughput. According to 
producer’s throughput of commercially available paral-
lel triple-screw extruders is in the range: 40–3500 kg/h.

The concept of triangle-arrayed triple-screw extruder 
was invented and patented by a research group from 
Beijing University of Chemical Technology in 2001 [10] 
and commercialized in 2006 [11]. The features in the 2D 
geometry and flow domain of a co-rotating twin screw 
extruder and a triangle-arrayed triple-screw extruder are 
presented in the Fig. 2. 

Due to specific construction of a triangle-arrayed tri-
ple-screw extruder the extrusion characteristics such as 
material conveying (flow rate), distributive, and disper-
sive mixing is much better than for twin-screw extru-
der [12–14]. Moreover, triangle-arrayed triple-screw 
extruders can generate good pressure for pumping and 
conveyance of the processed material, which allow on 

MULTI-SCREW EXTRUDERS CLASSIFICATION

Triple-screw extruder Quad-screw extruder Octa-screw extruder

Multi-rotation system Ring extruder Planetary extruder

Fig. 1. General classification of multi-screw extruders
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the manufacturing of high viscosity systems or highly 
filled masterbatches [15, 16]. According to the literature, 
power consumption of triangle-arrayed triple-screw 
extruders is 1.5 times higher than in a co-rotating twin-
-screw extruder, but at the same time their productivity 
increase around 1.3 times [17]. Interesting development 
of triple-screw extrusion technology is its combination 
with injection molding described in work [18].

Quad-screw extruders

Parallel screw configuration quad-screw extruders 
are manufactured by the Japanese company Technovel 
Corporation, founded in 1991. Quad-screw extruders 
release less self-generated heat from the processed poly-
mers and at the same time lower build-up pressure 

because degassing of the processed material is much 
easier [19]. Lower melt temperatures and higher shear 
in the quad-screw extruder allowed better mixing at 
higher screw speeds than in the twin-screw extruder [20]. 
Recently, Alotaibi et al. [21] investigated the degradation 
of polypropylene recycled by a quad-screw extruder and 
a twin-screw extruder. The melt flow rate (MFR/MFR0) 
and morphology of the tested material were evaluated 
as a function of the reprocessing cycle and the obta-
ined results are summarized in Fig. 3. It was observed 
that higher shear forces and longer residence time of the 
material in the quad-screw extruder resulted in thermo-
mechanical degradation of polypropylene, which was 
confirmed by rheological and microstructural studies. 
Similar trends were observed during the processing of 
polylactic acid [22, 23].

Screw
ScrewIntermeshing

region

Intermeshing
region

Barrel BarrelFlow
domain Flow domain

Center region

Fig. 2. 2D geometric models of a co-rotating twin screw extruder (left side) and a triangle-arrayed triple-screw extruder (right side) 
[11]

Twin-screw extruder

1st cycle at 1500 rpm 
MFR/MFR0 = 2.7

3rd cycle at 1500 rpm 
MFR/MFR0 = 9.0

1st cycle at 1500 rpm 
MFR/MFR0 = 2.5

3rd cycle at 1500 rpm 
MFR/MFR0 = 5.1

Quad-screw extruder
10 µm 10 µm

10 µm 10 µm

Fig. 3. SEM images and melt flow rate (MFR/MFR0) of polypropylene reprocessed by quad-screw and twin-screw extruder [21]
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Furthermore, as presented in Fig. 4, quad-screw extru-
ders can be configured as a counter-rotating square-
-arrayed quad-screw extruder (Fig. 4a), counter-rotating 
square-arrayed quad-screw extruder (Fig. 4b), equidistance 
arrayed quad-screw extruder (Fig. 4c) [24]. Numerical simu-
lation of flow characteristics of counter-rotating square-
-arrayed quad-screw extruder indicated that power con-
sumption of a counter-rotating square-arrayed quad-screw 
extruder is 3 times higher than in a co-rotating twin-screw 
extruder, while their productivity is almost equal [25]. 
However, these solutions are at prototyping stage.

Octa-screw extruders

The co-rotating parallel octa-screw extruder is a solu-
tion manufactured by Technovel Corporation, Japan, 
which is shown in Fig. 5. As can be seen, the number of 

screws in the octa-screw extruder is the same as in the ring 
or planetary extruder, except that the screws are arranged 
on a flat plane. Recently, Liu et al. [26] studied experimen-
tally and numerically the octa-screw extrusion process, 
which was compared with the twin-screw extrusion. The 
obtained results showed that the octa-screw extruder 
is characterized by a narrower residence time distribu-
tion and a lower temperature profile than the twin-screw 
extruder. The authors indicated that better mixing capa-
bilities with minimized thermal degradation of polymer 
materials during extrusion are the main advantages of the 
octa-screw extruders.

Multi-rotation system (MRS)

The multi-rotation system (MRS) extruder was 
invented in 2007 by the German company Gneuss 

Barrel Barrel
Barrel

Screw Screw

Screw

Central
region

Central
region

Central
region I

Central
region II

L

L L

L

R2
R2

R2

R1 R1

R1

R0 R0 R0

Fig. 4. Cross sections of quad-screw extruders: a) co-rotating square-arranged quad-screw extruder; b) counter-rotating square-ar-
rayed quad-screw extruder; c) equidistance arrayed quad-screw extruder [24]

Fig. 5. WDR 8 series octa-screw extruder, Technovel Corporation, Tokyo, Japan [26]

a) b) c)
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Kunststofftechnik GmbH. The MRS is a single-screw 
extruder that consists of 8–10 small extruder cylinders, 
parallel to the main screw axis. These small extruder 
barrels are “satellite” screws, which are driven by a ring 
gear in the main barrel. The “satellite” screws rotate in 
the opposite direction to the main screw and around 
the screw axis, which significantly increases the sur-
face exchange of the polymer melt. The MRS extruder 
is characterized by a significantly larger surface area, 
surface exchange and free volume, and a lower demand 
for specific energy consumption than a single-screw or 
twin-screw extruder, which allow for extremely effi-
cient devolatilization or degassing of the polymer melt. 
In addition, the manufacturer indicates that the MRS 
extruder offers greater flexibility and less maintenance 
of dryers and high vacuum systems [27]. The MRS extru-
der is available with screw diameters from 35 (MRS 35) 
to 160 mm (MRS 160) or 2×135 mm (MRS 200), allowing 
production output from 35 kg/h to 2000 kg/h. A compa-
rison of extruder features and energy savings for single 
screw, twin-screw and multi-rotation extruders (MRS) is 
shown in Table 2.

Ring extruder

Ring extruder was developed in 1998 by Josef A. Blach 
from Extricom Blach Extruder & Components (currently 
part of CPM Holdings Inc.) in Germany. Ring extruder 
consists of at least six co-rotating screw shafts which are 
arranged in a circle in an extruder housing axis-parallel 
[28]. Fig. 6 shows the example of screw configuration in 
ring extruder with twelve co-rotating screw shafts. 

In ring extruders transport of processed material takes 
place in a double helix around the stationary core and 
around each screw. The gaps between barrel, stationary 
core and screws co-rotating screw shafts are like gaps 
found in twin-screw extruders. Such solution allows more 
frequent passages of the material through the interme-
shing sections, which resulting in more efficient mixing 
and devolatilization comparing to conventional proces-
sing methods, such as single- and twin-screw extrusion. 

Planetary extruder

The first attempts to use a planetary extruder in poly-
vinyl chloride processing began in Europe in 1960 at 

Eickhoff-Kleinewefers Kunststofftechnik from Germany 
[29]. In a planetary extruder, three elements: the barrel, 
the central screw (sun screw) and the spindles (satellites) 
are interlocked due to a 45° toothing. The gap between 
the planetary spindles (satellites) and the mating surfa-
ces is about 1/4 mm [30]. The unique design of the pla-
netary extruder resulted in the material being exposed 
to large surfaces, which significantly improved mixing, 
process temperature control (heat exchange) and degas-
sing. The same characteristics are claimed by manufac-
turers of multi-rotation system and ring extruders, but 
as shown in Figure 1, their screw configuration is much 
simpler than that of planetary extruders, which affects 
the intermeshing sections and the surface area during 
mixing. However, to the best of our knowledge, there is 
no published information comparing mixing efficiency 
of planetary extruder, multi-rotation-system (MRS) and 
Ring extruder.

Due to complicated construction of screw configura-
tion, the number of planetary extruders producers is limi-
ted and includes Battenfeld-Cincinnati Germany GmbH 
(Germany), Entex Rust & Mitschke GmbH (Germany), 

T a b l e 2. Comparison of extruder characteristics and energy 
savings for single-screw, twin-screw and multi-rotation system 
(MRS) [27]

Single-
screw 

extruder

Twin-
screw 

extruder

MRS 
extruder

Parameters (normalized in %)
Surface, cm2 100 150 450
Surface exchange, 
m2/min 100 200 5000

Free volume 100 150 300
Energy savings (Wh/kg)

Crystallization 90 – –
Drying (<50 ppm) 120 – –
Pre-drying (to 1000 
ppm) – 60 –

Extruder drive and 
heating 240 230 295

Vacuum – 90 45
Booster pump – 30 –
Total (normalized 
in %) 450 (129) 410 (117) 350 (100)

Fig. 6.  Ring extruder screw configuration  [28]
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Beijing Huateng Zhengcheng Industry and Trade Co. 
Ltd. (China), Yean Horng Machinery C. Ltd. (Taiwan) 
and Takimsan Disli Kesici Ltd. Sti. (Türkiye). Available 
on the market planetary extruders size ranging from 30 
to 550 mm and throughputs from 0.3 kg/h to 7000 kg/h. 
However, currently only two companies offer lab-size 
machine with size below 100 mm: Entex Rust & Mitschke 
GmbH (Germany) – 30 mm and Takimsan Disli Kesici Ltd. 
Sti. (Türkiye) – 80 mm. The laboratory planetary extruder 
PLATEX 80 installed in Gdansk University of Technology 
is presented in Fig. 7. 

In this option, lab-sized planetary extruder can work in 
two options: as single planetary extruder (one-step extru-
sion) or can be combined in the cascade with single-screw 
extruder with granulation system (two-step extrusion). 
Short, compact, and modular design of planetary extruder 
allow connection with other extrusion lines, which signi-
ficantly improves their mixing and/or degassing possibi-
lities. Recent advances in the sustainable development of 
polymer blends and composites prepared using planetary 
extruders are summarized in work [31].

LIMITATIONS AND FUTURE DEVELOPMENT 
OF MULTI-SCREW EXTRUDERS

Over the last ten years, we could observe dynamic 
development of multi-screw extruders, which were suc-
cessfully applied for: melt-granulation and pulverization, 
manufacturing of thermal-sensitive and high-perfor-
mance materials, high-viscous systems processing, pla-
stics and rubber recycling and reactive extrusion, modi-
fication, and/or functionalization of polymers.

Recent developments in advanced production of poly-
mer materials using a multi-screw extruder are summa-
rized in Table 3. 

Considering current trends future perspectives for 
development of multi-screw extruders should be focu-
sed on the three main directions:

– development of precise and stable machine parts 
and units, degassing and feeding solutions, modular con-
struction machines and parts (easy modification and fle-
xibility), high torque extruders.

– lower energy consumption, modeling, optimaliza-
tion and up-scaling for polymer extrusion processes.

– online/inline process monitoring – real-time process 
monitoring is crucial for achieving high-quality products 
and better understanding of processes.

Front

Planetary extruder

Side
Fig. 7. Lab-scale planetary extruder – model PLATEX 80 installed in Gdansk University of Technology (producer Takimsan Disli 
Kesici Ltd. Sti., Türkiye), where: 1 – gravimetric feeders’ system, 2 – planetary extruder, 3 – vacuum-degassing chamber, 4 – single-
-screw extruder, 5 – granulation system, 6 – control panel
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T a b l e 3. The examples of materials manufactured by different multi-extruders within last 10 years (references published betwe-
en 2013–2023)

Multi-extruder 
type Processed materials Publication 

year References

Triple-screw

polylactic acid/polyethylene glycol porous scaffolds 2013–2015 [32–34] 
polystyrene/polytetrafluoroethylene/poly(propylene carbonate) composite 

foams 2016 [35]

microfibrillar polypropylene/polyamide 6,6 composites 2017 [36]
polypropylene/ethylene propylene diene monomer rubber blends 2018 [37]

polylactic acid/ nickel-coated multi-walled carbon nanotubes composite foams 2022 [38]

Quad-screw

reactive extrusion of biodegradable polymer blends 2019  [39–41]
highly filled low density polyethylene/barium strontium titanate composites 2020 [42]

polypropylene/glass fiber composites 2023 [43]
polypropylene/multi-walled carbon nanotubes composites 2024 [44]

Octa-screw
polyamide 6/low molecular weight polyethylene blends 2018 [45]

ultra-high molecular weight polyethylene/graphite composites 2018, 2019 [46, 47] 
ultra-high molecular weight polyethylene/graphene composites 2021 [48]

Multi-rotation 
system

polycondensates, especially hydrolysable polymers such as 
poly(ethylene terephthalate) 2021 [49]

Ring extruder highly filled graphite-polymer composites 2023, 2024 [50, 51]

Planetary extruder

powders for 3D printing 2019 [52]
wood polymer composites 2019 [53]

pressure-sensitive adhesives 2020 [54]
waste rubbers 2021 [55]

biodegradable materials 2023 [56]
highly filled rubber masterbatches 2023 [57]

pharmaceutics 2023 [58, 59]
used wind turbine blades 2023 [60]

CONCLUSIONS

The application of multi-screw extruders is interesting 
solution for more complex polymeric systems and/or 
reactions, thermal sensitive polymers (or additives), spe-
cific extrusion conditions or any other processes, where 
twin-screw extruders are not effective enough to reach 
quality expected for prepared materials. This mostly due 
to much shorter residence time in twin-screw extruder 
compared to the multi-screw extruders. 

This work comprehensively summarized current 
trends in this field of research, which indicated that the 
processing and production of new polymeric materials 
using a multi-screw extruder will continue to grow in 
near future. 

Nowadays, the main problem is limited number of 
research and development units with access to the multi-
-screw extruders, which resulting in a very low number 
of published information about their applications. This is 
obviously related to the high cost of purchase and main-
tains of plasticizing unit (screws and barrel) in the multi-

-screw extruders comparing to commonly used single- 
and twin-screw extruders, which should decrease with 
increasing number of producers and available solutions.

Limited number of used multi-screw extruders resale on 
the market indicates that already produced machines are 
still used which is good sign for future development of this 
technology. The final decision about used extruder (single-, 
twin- or multi-screw extrusion) should be made based on 
the comprehensive analysis of the lab-scale and semi-indu-
strial scale experimental works results, technological and 
environmental aspects, investment, and maintenance costs.
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