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INTRODUCTION

The extrusion of polymeric materials using 
different extruders is characterized by a series of 
similar processes, namely: solid material move-
ment and plasticization melt movement, mixing, 
dosing and ware forming. All these processes oc-
cur in different section along the barrel and they 
are described by different regularities[1, 15].

The first and most important section affecting 
the following extrusion process is the feed sec-
tion [3, 9]. In this section the polymer granules or 
powder from the hopper are fed to the screw inter-
turn space under gravity and fill it. The conditions 
of granules (powder) movement from the hopper 
and filling of screw interturn space situated under 
the feeding hole are of great importance for the 
uniform movement of the material. The uniform 
dozing of the material from the hopper and filling 
of interturn space are necessary conditions ensur-
ing the extrudate quality and defining the extruder 
productivity on the whole [2, 5, 14].

It was determined by the experiments that 
the most effective movement of the material in 
the feed section is the movement, when material 
solid particles are packed in the fore-part of the 
screw channel and form so-called plug capable to 
move along the channel via piston motion mecha-
nism [4, 7, 17]. The formation of solid plug from 
bulk material is possible in a case when the suf-
ficient pressure is formed in the screw channel. 
The material moves as a result of screw surfaces 
movement relative to barrel due to the friction 
forces. In the extruder the friction force to barrel 
walls keeps the solid plug with screw from free 
rotation. Thus, the friction to barrel develops the 
moving force ensuring the material movement 
and the friction to the screw surface – retarding 
force. If the friction to barrel is equal to zero, the 
material will not move; if the friction to screw is 
equal to zero, the maximal movement of the ma-
terial along the screw channel takes place [3, 11].

According to the fastest movement of the 
solid material the friction to barrel should be 
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maximum and friction to screw – minimum. For 
this purpose a number of technical decisions are 
used. For example, to decrease the friction coef-
ficient the chrome or nickel galvanic coatings are 
applied over the screw with its further polishing. 
Fluorine polymers are also used for such pur-
pose. To increase the friction to barrel the surface 
should be maximally rough or grooves should be 
made on the internal surface.

The friction of material on the surface of the 
barrel is the driving force, which provides the 
movement of material. It is possible to change the 
interaction between the material and barrel walls 
due to the increase of surface roughness by apply-
ing the grooves of corresponding profile and size. 
The extruders with grooves in the feed section are 
widely used [6, 8]. They are characterized by the 
following advantages compared with the extrud-
ers with smooth barrel [5]:
•• greater flow capacity of the process;
•• better stability of the extrusion process;
•• low dependence of productivity from pressure 

changes.

However, they also have a number of disad-
vantages. The high friction coefficient to the barrel 
surface leads to the rapid and excessive growth of 
pressure and increases barrel wear that demands 
usage of more qualitative materials. Moreover, 
there is a great consumption of energy (till 30-40 
%) because of the necessity of the feed section 
intensive cooling. The energy consumption may 
be reduced due to the increase of cooling water 
temperature from 5 to 70°C. In such a case the 
efficiency of energy usage increases by 45-80% 
[10]. One more disadvantage of extruder with 
grooves is the necessity to use the engine with 
higher torque compared with that for the extruder 
with barrel smooth walls. Such peculiarities result 
in the energy consumption increased by 10–25%. 
The above-mentioned disadvantages ace typical 
of the barrels with grooves located parallel to the 
barrel axis. Using spiral grooves the energy con-
sumption may be partially reduced [12].

Despite the advantages of the described feed 
section design it remains static during polymers 
extrusion and cannot be changed during equip-
ment operation to affect the material movement 
and therefore, the extrusion process on the whole. 

The grooves allowing changing the depth di-
rectly during equipment operation affect the ma-
terial movement more efficiently. Such designs of 
the feed section are well-known and widely used 
[13]. Their advantages are: operation control of 

the feed section according to the material charac-
teristics and screw regime; choice of the optimal 
groove depth during the equipment operation that 
allows controlling the whole extrusion process; 
automation of the process. Thus the regulated by 
depth grooves may be one more way to control 
and optimize the extrusion process (beside the 
temperature) allowing to extend the materials as-
sortment and correct the extruder characteristics 
according to the material properties [16]. 

The classic single-screw extruders have lim-
ited possibilities to control the material dozing in 
the feed section: the insignificant effect of tem-
perature change of the barrel or screw and change 
of screw grooves geometry. The latter is possible 
only while screw exchange [15]. 

On the basis of literature we conclude that the 
most convenient control method of material doz-
ing is regulation of grooves depth in the feed sec-
tion [9, 10]. This method is the most fast and ef-
fective optimization method of extruder operation 
allowing affecting the material movement in the 
extruder. Using grooves it is possible to process 
various plastic masses on single-screw extruder 
and to correct machine characteristics in accor-
dance with raw material properties [3].

RESEARCH METHODS

Polypropylene (PP) of the Moplen HP640J 
(LyondellBasell, the Netherlands) brand with 
MFI230/2.16 = 3.2 g/10 min, Vicat softening point of 
154 оС, ρ20 = 0.900 g/cm3, and tapped density ρt = 
0.53 g/cm3 was used in present work. Glass fiber, 
talc and chalk were used as the fillers. The filler 
content was varied from 10 to 50 wt%.

For the investigations we used a single-screw 
extruder with barrel allowing changing the num-
ber of grooves in the feed section (Fig. 1). The ex-
truder is equipped by screws of diameter 25 mm 
with the ratio L/D is equal to 20, 25 and 30. The 
size of die flat slit is 20×1 mm. The extrusion pro-
cess was executed at the following technological 
parameters: temperatures in the barrel section: 
feed – 160°C, compression – 180°C, metering – 
190°C; die – 200°C; screw speed – 25 rpm. 

Different number of grooves in the feed sec-
tion (Fig. 1a) is created using two types of shells: 
I – forms smooth cylindrical surface with the bar-
rel (Fig. 1b); II – forms grooves in the cylindrical 
surface (Fig. 1c) by the depth of 2.3 mm, length 
94 mm and width 8 mm.
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RESULTS AND DISCUSSION 

The extruder productivity was estimated by 
the weight of extrudate withdrawn after equal 
periods of time. The variable values affecting the 
extruder productivity in the first series of experi-
ments were the number of grooves in the feed 
section and amount/nature of filler under fixed ra-
tio L/D of the screw (25). In the second series of 
experiments we varied also L/D ratio (20 and 30).

The effect of filler amount and nature on the 
extruder productivity is represented in Figure 2.

Talc has the greatest influence on the extruder 
productivity. Glass fiber has the minor effect. We 
observe the slight increase in productivity under 
its content of more than 30 wt%. 

It is well-known [3] that extruder productivity 
is described by the following dependence:

	
−=

ef
еxt FNFQ


 21 , 

where: 	F1 and F2 – coefficients taking account 
of screw geometry; a and b – coefficients 
taking account of material rheological 
characteristics; N – number of screw ro-
tations; mef – melt effective viscosity; DP 
– pressure difference in the extruder.

According to the above-mentioned dependence 
the effect of filler content on the extruder produc-
tivity is explained by the increase of polymer melt 
viscosity with the increase of talc or chalk content 
under other equal parameters. The absence of the 
same effect while using glass fiber is caused by the 
orientation of fibrous filler due to which the melt 
viscosity is not sensitive to filler content. While 
using glass fiber in amount of 40–50% the slight 
increase in the productivity is explained by inter-
action between filler particles followed by the for-
mation of physical bonds. This bonds is less stable 
compared with that of powdered fillers with the 
developed surface of the particles.

While analyzing the effect of grooves num-
ber and glass fiber content on the extruder pro-
ductivity (Fig. 3) we observe an increase in 

Fig. 1. Location of vent grooves in barrel of extruder

Fig. 2. Effect of filler nature and amount on the extruder productivity 
(number of grooves 0, L/D = 25): 1 – glass fiber; 2 – chalk; 3 – talc
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extruder productivity. It is achieved when one 
or two grooves are placed in the feed section of 
the barrel. However, for the composition with 
40% content of the filler the decrease of produc-
tivity is minimal and its dependence on grooves 
number is almost the same as that for unfilled 
polypropylene. 

The greatest effect of grooves number on 
the extruder productivity is observed at glass fi-
ber content of 10–20% (Fig. 3, curves 2 and 3). 
The further increase in glass fiber content insig-
nificantly affects the productivity dependence on 
grooves number. It should be noted that we do not 
observe maximum of productivity for pure poly-
propylene when one groove is placed in the feed 
section. The increase in grooves number slightly 
increases the productivity and this dependence 
has linear character.

While using talc and chalk as fillers the ef-
fect of grooves number in the feed section on the 
extruder productivity is minor (Table 1). For the 
composition with 10% of chalk the extrusion pro-
cess productivity increases with the increase of 

grooves number, the same as for pure polypropyl-
ene. With the further increase in chalk content the 
extruder productivity insignificantly depends on 
grooves number in the feed section. 

The effect of grooves number on the ex-
truder productivity is observed while processing 
the compositions with talc only for the composi-
tions with filler content of 30 and 40%. If for the 
compositions with 30% of talc the productivity 
decreases with the increase in grooves number, 
then for the compositions with 40% of talc it has 
the maximum.

The results of the second series of experi-
ments concerning the effect of grooves number, 
screw length and chalk content on the extruder 
productivity are represented in Tables 2, 3 and 
4. While using the screw with L/D = 20 the pro-
ductivity increases with the increase of chalk 
content (Table 2). For the screw with L/D ratio 
of 30 the productivity passes through the maxi-
mum at chalk content of 20–40% depending on 
grooves number. The effect of chalk content on 
the extruder productivity (L/D = 20) is explained 

Fig. 3. Effect of grooves number and glass fiber content on the extruder productivity 
(L/D = 25): glass fiber content (%): 1 – 0; 2 – 10; 3 – 20; 4 – 30; 5 – 40

Table 1. Effect of grooves number and filler nature on the extruder productivity, kg/h 
(nominator – chalk / denominator – talc)

Grooves number
0 1 2 3 4

Filler content, %

10 1.67 / 2.47 2.01 / 2.44 2.05 / 2.50 2.11 / 2.63 2.28 / 2.58
20 2.24 / 2.35 2.35 / 2.33 2.41 / 2.45 2.17 / 2.50 2.09 / 2.38
30 2.40 / 3.21 2.52 / 3.18 2.57 / 3.06 2.54 / 2.88 2.70 / 2.59
40 2.90 / 3.14 3.01 / 3.37 3.08 / 3.64 2.75 / 3.63 2.82 / 3.14
50 2.98 / - 3.17 / - 3.22 / - 3.32 / - 3.06 / -
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by the growth of melt effective viscosity with the 
increase of filler content followed by the decrease 
of melt counterflow and the increase of produc-
tivity. While using the screw with L/D=30 the 
productivity maximum is caused by worsening of 
the material movement conditions (energy losses 
along the screw) after achievement of definite 
critical effective viscosity of the melt.

The effect of grooves number in the feed sec-
tion on the extruder productivity is different us-
ing the screw with L/D = 20 depending on chalk 
content in the composition. For pure polypropyl-
ene the productivity increases with the increase 
of grooves number. For the composition with 
50% of chalk we observe the decrease of pro-
ductivity. For the compositions with 10–40% of 
chalk the productivity passes through the maxi-
mum at the presence of one or two grooves. Us-
ing the screw with L/D = 30 the general depen-
dence is preserved but for the composition with 
10% of chalk the productivity increases with the 
increase of grooves number (the same as fir pure 
polypropylene). For the composition with 50% 
of chalk we observe the maximum which is ab-
sent while using the shorter screw. Such depen-
dence of the productivity on the grooves num-
ber is explained by better conditions of material 
mixing in the feed section with grooves. How-
ever it is observed only for pure polypropylene 

(L/D = 20) and the composition with 10% of 
chalk (L/D = 30).

While studying polypropylene composi-
tions with talc we obtained the similar results 
(Table 3). For the screw with L/D = 20 the in-
crease in talc content (the same as for chalk) in-
creases the melt effective viscosity and productiv-
ity. For the screw with L/D = 30 the increase in 
productivity is observed only at talc content less 
than 30%. The further increase in filler content 
decreases the productivity. The effect of grooves 
number in the feed section on the extruder produc-
tivity is the same for both screws: the increase in 
grooves number increases productivity. Only for 
the composition with 40% of talc (L/D = 30) we 
observe the absence of mentioned dependence.

Glass fiber has less effect on the productivity 
as compared with chalk and talk (Table 4). More-
over, for the screw with L/D = 30 we observe the 
decrease in productivity with the increase of glass 
fiber content. Such distinction is caused by the 
fibers orientation during melt flow that does not 
considerably increases the viscosity in contrast to 
the powder filler with developed surface (chalk 
and talc). Some increase in the productivity with 
the increase of glass fiber content is a result of 
possible interaction between fibers leading to the 
increased viscosity. It should be also noted that 
using the screw with L/D = 30 the composition 

Table 2. Effect of grooves number, screw length and chalk content on the extruder productivity, kg/h
(nominator – L/D=20 / denominator – L/D =30)

Grooves number

0 1 2 3

Chalk content, %

0 2.4 / 2.3 2.6 / 2.5 2.6 / 2.5 2.7 / 2.6

10 2.9 / 2.5 3.2 / 2.9 3.0 / 2.9 2.8 / 3.0

20 3.0 / 2.9 3.3 / 3.4 3.2 / 3.1 3.1 / 3.2

30 3.3 / 3.0 3.5 / 3.3 3.5 / 3.4 3.2 / 3.0

40 3.5 / 3.0 3.7 / 3.2 3.7 / 3.2 3.6 / 2.9

50 4.0 / 3.0 4.0 / 3.2 3.8 / 3.1 3.6 / 2.9

Table 3. Effect of grooves number, screw length and talc content on the extruder productivity, kg/h
(nominator – L/D=20 / denominator – L/D =30)

Grooves number

0 1 2 3

Talc content, %

0 2.4 / 2.3 2.6 / 2.5 2.6 / 2.5 2.7 / 2.6

10 2.9 / 2.6 3.1 / 2.8 3.0 / 2.7 3.0 / 2.8

20 3.1 / 3.0 3.3 / 2.9 3.2 / 2.8 3.3 / 3.2

30 3.3 / 3.4 3.5 / 3.5 3.5 / 3.8 3.4 / 3.3

40 3.4 / 2.9 3.8 / 3.3 4.0 / 2.6 3.9 / 3.0
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with 30% of glass fiber cannot be processed at the 
experimental equipment. The reason is the con-
siderable increase in energy consumption using 
longer screw because of the friction.

CONCLUSIONS

Thus we conclude that extruders equipped by 
the feed section with grooves affect the extrusion 
process. Also it is possible to change the extruder 
characteristics depending on the material. The ef-
fect of grooves number on the extruder produc-
tivity considerably depends on filler nature and 
content in the polymeric composition. Thus, the 
significant effect is observed for the compositions 
with fine powdered filler (talc and chalk) and mi-
nor effect – for the fibrous filler (glass fiber).
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Table 4. Effect of grooves number, screw length and glass fiber content on the extruder productivity, kg/h 
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Grooves number
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content, %
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