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Application of in-line rheological measurements 
for characterization of polypropylene/opoka rock powder 
composites
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Abstract: The rheological properties of the composites of polypropylene (PP) with a new natural powder 
hybrid filler – carbonate-silicate rock called opoka –  were investigated. Opoka rock is industrial waste 
originating (as a subsieve fraction) from the production of sorbents used in water treatment processes. 
The effect of opoka addition (1, 5 and 10 wt %) on the processability of PP was determined during the 
extrusion process using an in-line measuring stand. The testing instrument was an extruder rheometer 
equipped with a rheological measuring head with exchangeable dies. Cylindrical measuring dies with a 
radius of 1.5 mm and a length of L = 20, 30, 40 and 50 mm, respectively, were used in the measurements. 
The rheological parameters of the composites were determined based on the Ostwald-de-Waele power-
-law model at a temperature of 230 °C. The effect of the addition of opoka on the extruder operating cha-
racteristic, flow curves, viscosity curves, and the values of power law index (n), consistency factor (K), 
mass flow rate (MFR) and volume flow rate (MVR) have been determined.
Keywords: polypropylene, polymer composites, opoka, powder filler, natural filler, hybrid filler, in-line 
rheology, viscosity, viscosity curve.

Zastosowanie pomiarów reologicznych typu in-line w charakterystyce 
kompozytów polipropylenu ze skałą opoka jako napełniaczem proszkowym
Streszczenie: Badano właściwości reologicznych kompozytów polipropylenu (PP) z nowym, natu-
ralnym, proszkowym napełniaczem hybrydowym – skałą węglanowo-krzemionkową zwaną opoką, 
stanowiącą odpad przemysłowy powstający podczas produkcji sorbentów (frakcja podsitowa), stoso-
wanych w procesach oczyszczania wody. Wpływ dodatku opoki (1, 5 i 10 % mas.) na przetwarzal-
ność PP określano na stanowisku pomiarowym typu in-line w procesie wytłaczania. Urządzenie ba-
dawcze stanowił reometr wytłaczarkowy z reologiczną głowicą pomiarową z wymiennymi dyszami. 
W pomiarach zastosowano cylindryczne dysze pomiarowe o promieniu R = 1,5 mm i długości L = 20, 
30, 40 i 50 mm. Parametry reologiczne kompozytów wyznaczano na podstawie modelu potęgowego 
Ostwalda-de-Waele w temp. 230 °C. Określano wpływ dodatku opoki na charakterystykę pracy wy-
tłaczarki, przebieg krzywej płynięcia oraz krzywej lepkości, a także wartości wykładnika płynięcia (n), 
współczynnika konsystencji (K), masowego wskaźnika szybkości płynięcia (MFR) oraz objętościowego 
wskaźnika szybkości płynięcia (MVR).
Słowa kluczowe: polipropylen, kompozyty polimerowe, opoka, napełniacz proszkowy, napełniacz na-
turalny, napełniacz hybrydowy, reologia in-line, lepkość, krzywa lepkości.

Presently, the most common method of introducing 
fillers to the polymeric matrix, or producing polymer 
composites, is their mixing with a molten polymer, i.e., 

physical modification [1, 2]. The process of homogeniza-
tion of a polymer with a filler can be conducted using 
batch mixers, rolling mills and extruders, as described in 
publications [3, 4]. The purpose of the filler is to enhance 
the specific properties of the polymer. The filler can be of 
either natural or synthetic origin and may have a differ-
ent form [1, 2]. Nowadays many researches are also being 
conducted into the production and application of multi-
component, and thereby multifunctional, fillers (that 
modify more than one property), so-called hybrid fillers 
[5–7]. Examples of this type of fillers are systems con-
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taining polyhedral oligomeric silsesquioxanes (POSS), 
such as POSS/silica [5], POSS/lignin [6], POSS/MgO·SiO2 
[7], or the system phosphorylated cashew nut shell li-
quid prepolymer (PCNSL)/kaolin [8]. A hybrid filler, e.g., 
 POSS/silica, not only constitutes a modern multifunction-
al system, but also allows an expensive filler (a POSS- 
-type nanofiller) to be introduced to the polymer matrix 
by applying it onto the surface of an inexpensive and 
readily available carrier, which is silica. In the case of this 
type of hybrid fillers, this may provide an advantageous 
economic benefit [5].

Powder hybrid fillers of natural origin, which might 
find potential application as polymer modifiers, include 
opoka rock. Opoka is a sedimentary rock that is inter-
mediate between carbonate and silicate rocks. It origi-
nates from the Cretaceous period, mainly from its early 
part, the so-called upper Cretaceous age. The content of 
silica (SiO2) in opoka rock ranges from 5 to 75 wt % and 
it occurs predominantly in the form of opal, chalcedony 
or quartz [9–12]. Depending on their calcium content (as 
converted to CaO) or silicon content, opokas can be di-
vided into heavy opokas, where carbonate contents pre-
dominate, and light opokas, also known as decalcified 
opokas, with silica predominating in their composition 
[9, 10]. The division of opokas in terms of their calcium 
and silicon contents is provided in work [9]. Carbonate-
-silicate rocks differ in properties and composition, de-
pending on the period of their formation, which is re-
flected also in their variations resulting from the place 
of their occurrence [9, 12]. In addition to silica and cal-
cium, opoka can also include: MgO, Al2O3, Fe2O3, K2O, 
Na2O, TiO2, P2O5, MnO2 [13]. However, the quantitative 
and qualitative compositions of opoka may vary, depend-
ing on its origin [13, 14]. Owing to their thermal and me-
chanical properties, opokas find application in the build-
ing industry, cement production, road construction, river 
revetment, and the manufacture of decorative lining and 
ceramic materials [10–12, 15]. The sorption properties of 
opokas are utilized in the processes of water and sewage 
purification to remove phosphorus, magnesium and iron, 
among others [10, 16]. 

In its chemical composition, opoka has two com-
pounds from among the most common powder fillers 
of polymers, including polypropylene (PP), namely cal-
cium carbonate (CaCO3) and silica. The addition of cal-
cium carbonate improves the thermal stability and im-
pact strength, and enhances the mechanical parameters 
in bending (strength, the module) of polypropylene-ma-
trix composites [17–19]. The modification of polypropyl-
ene by adding silica improves also its temperature sta-
bility [20]. The silica addition reinforces polypropylene 
composites to be subjected to loading under static ten-
sion conditions [21]. Therefore, it can be presumed that 
the addition of opoka, which contains CaCO3 and SiO2 
in its structure, may bring about the advantageous ef-
fect of improving the aforementioned properties of the 
filled polymer. 

Each addition of a filler to a polymer is accompanied by 
a change in its rheological properties. In the majo rity of 
instances, the processability of composites impairs with 
increasing filler content of the polymer [22–26]. For cal-
cium carbonate, in the case of its small additions (up to 
10 wt %) or the use of compatibilizers (such as calcium 
stearate and calcium carbonate), no effect of the filler on 
the polymer viscosity or its reduction can be observed 
[27, 28]. The addition of SiO2, either as nano- or microsili-
ca, results in an increase in the viscosity of polymer, and 
thus an impairment of its processability. To determine 
the potential for using opoka as a thermoplastic polymer 
filler it is necessary to assess the effect of its addition on 
the composite viscosity and the possibility of using it in 
composites processing. Such analysis can be made by car-
rying out in-line rheological measurements [22, 25, 29]. In 
these measurements, the function of a rheometer is per-
formed by a specially designed extrusion head [22, 25, 30] 
or injection mold [31], making up the equipment of the 
processing machine. In-line measurements make it pos-
sible to determine the rheological properties of polymeric 
materials under real technological conditions and the ef-
fect of process setting parameters on their processabi lity. 
Besides, they provide information on the influence of the 
filler addition on the characteristic of extruder  operation 
– the efficiency of extrusion and changes in flow resis-
tance occurring in it [22, 30]. Such research capabilities 
provide a source of practical engineering information 
that is particularly important when attempting to use 
new types of fillers for polymer modification. 

Therefore, an attempt has been made in this study 
to make the assessment of the effect of the addition of 
a natural powder hybrid filler, which is opoka rock, on 
the rheological properties of commercial polypropylene. 
Measurements were taken using an in-line extruder rhe-
ometer for PP composites having a low fill degree, i.e., 
1, 5 and 10 wt % of opoka.

EXPERIMENTAL PART

Materials

Commercial isotactic polypropylene (PP) Moplen 
HP456J delivered by Basell Orlen Polyolefins (Poland), 
with a density of d = 0.893 ± 0.001 g/cm3, and melt flow 
rate MFR(230 °C, 2.16 kg) = 3.18 ± 0.01 g/10 min, was used as the 
test material. The used polymer is dedicated for the ma-
nufacture of monofilaments, ropes and tapes.

Carbonate-silicate rock, called opoka, taken at Bełżec, 
a town in South-Eastern Poland, was used as a filler. The 
opoka used for testing is a production waste (subsieve 
fraction) formed during the manufacture of sorbent used 
for clearing water of phosphates (water pollution). In the 
sorbent production process, the opoka was subjected to 
calcination at 1000 °C. The effect of the calcination pro-
cess on the chemical composition of the opoka used in 
the tests is described in detail in study [13]. Unsieved pro-
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duction waste with an average grain size of d50 = 117.0 µm 
and a specific surface area of ABET = 9.0 m2/g was used 
for filling PP. The filler used form a mixture of inorganic 
compounds [13], of which silica (52.0 wt %) and calcium 
carbonate (46.6 wt %) constitute the largest share. It can 
therefore be presumed that these compounds can have 
the greatest effect on the rheological properties of poly-
propylene, and each of them may result in obtaining dif-
ferent functional properties of produced composites. This 
means that a similar effect as for the modification of poly-
mers using synthetic hybrid fillers can be achieved [5–8]. 
So far, no studies have been carried out to assess the ef-
fect of the addition of a multicomponent filler of natural 
origin, such as opoka rock, on the processability of ther-
moplastic polymers. 

Modification process 

The modification of the PP was made in a cold granulation 
extrusion process. A twin-screw extruder, model EH16.2D, 
by Zamak Mercator, with a screw diameter of D = 16 mm 
and an L/D ratio of 40 was employed. Composites of poly-
propylene with opoka rock containing 1, 5, and 10 wt % of 
the filler, respectively, were produced, which will be denot-
ed later in this paper as: OP1, OP5 and OP10. 

Methods of testing

Density

The density of polypropylene and composites was 
determined with an AXIS analytical balance with the 
hydro adapter, model AD200, at a measuring accuracy 
of 0.001 g/cm3.

Rheological properties

The assessment of the rheological properties of the 
polypropylene and composites was made with the use 
of an in-line measuring stand. The function of a rheo-
meter was performed by a Mc ARKON REPIQUET sin-
gle-screw extruder, model Fairex, with a screw diame-
ter of D = 25 mm and an L/D ratio of 24. The extruder 
was equipped with the author’s rheological measur-
ing head with exchangeable dies (Fig. 1), having a pres-
sure sensor and a thermocouple (for polymer pressure 
and tem perature measurements). The rheological extru-
sion experiments were performed at a temperature of 
230 °C (melt polymer temperature) and screw speed (Vs) 
in the range from 10 to 45 rpm. The extrusion head was 
equipped with exchangeable cylindrical dies with an en-
trance angle of 45°, radius R = 1.5 mm and lengths L = 20, 
30, 40 and 50 mm. Measurements by using dies with an 
identical radius, but different lengths, enabled the deter-
mination of the Bagley correction (eB) (see Eq. 2).

For each examined polymer material in the tests, the 
characterization of the extrusion process was made, 

which included the determination of the relationship be-
tween the screw speed, total pressure drop [Δp = f(Vs)] 
and volumetric flow rate [  = f(Vs)]. The value of  was 
determined based on the mass flow rate ( ), allowing for 
the changes in polymer and composite densities under 
given processing conditions (ρp, V), as determined from 
the pVT diagrams (pVT 100 SWO instrument, Germany). 
The importance of density changes in in-line rheologi-
cal measurements is highlighted in a previous publica-
tion [32].

From the volumetric flow rate and total pressure drop, 
the variations in flow curves and viscosity curves during 
the flow of polymeric materials through the die of a spe-
cific length were determined. The shear stress (τw) at the 
wall of the capillary was calculated using the expression:

 
 
(Pa) (1)

where: Δp – total pressure drop across the capillary die, 
R – radius of the die, and L – length of the die.

The magnitude of shear stress was corrected with the 
Bagley correction allowing for pressure losses in the die 
entrance [33]. The measurement and calculation proce-
dure for determining eB in in-line rheological measure-
ments are described in detail in a previous publication 
[34]. Equation (1) assumes then the following form [33, 34]:

  (Pa) (2)

where: eB – Bagley correction.
The apparent shear rate ( ) at the wall was evaluated 

using the equation: 

  (s-1) (3)

where:  – volumetric flow rate.
The calculation of shear viscosity started from a plot of 

the shear stress (τw) versus the apparent shear ratio ( ) on 

3

1

2

Fig. 1. Rheological extrusion head: 1 – exchangeable cylindrical 
die, 2 – thermocouple, 3 – pressure sensor
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a double logarithm scale. When apparent flow curve plot-
ted in double logarithmic scaling gives straight line, it is an 
indication that Ostwald-de-Waele equation can be safely 
used [35]:

  (4)

where: K – consistency or viscosity coefficient index, 
n – power law index.

The true shear rate was obtained by applying the 
Rabinowitsch correction [33, 36]:

  (s-1) (5)

The true shear viscosity was therefore calculated as fol-
lows:

 w (Pa · s) (6)

Mass flow rate and volume flow rate 

The effect of the opoka addition on the mass flow rate 
(MFR) and volume flow rate (MVR) was also determined. 
The measurements were taken using a Dynisco plastome-
ter, model LMI 4004, according to the applicable standard 
ISO 1133. The measurement temperature was 230 ± 0.5 °C, 
while the piston loading 2.16 kg. 

RESULTS AND DISCUSSION

The addition of opoka caused, in a natural manner, an 
increase in polypropylene density. The density of poly-
meric materials was determined in ambient conditions 
(d23) using a hydrostatic balance and at a temperature of 
230 °C (d230) – using a dead-weight plastometer (method 
A/B complying with standard ISO 1133). The values of the 
density of composites, as determined under the accep-
ted measurement conditions, are summarized in Table 1. 
The density determined at a temperature of 230 °C with 
a plastometer piston load of 2.16 kg was used for calcu-
lating the MVR. 

The determination of the effect of opoka addition on the 
processability of polypropylene was started with the as-
sessment of variations in the mass flow and volume flow 
rate, which are a technical measure of polymer process-
ability. Figure 2 summarizes variations in MFR and MVR 
values as a function of the filler content of poly propylene 

composites. The value of mass flow rate increases with in-
creasing filler content of polymer. The MFR of pure poly-
mer is 3.18 ± 0.01 g/10 min. The effect of the filler addition 
on the mass flow rate is the most prominent for an opoka 
concentration of 10 wt % – in this case, the MFR value 
is 3.47 ± 0.01 g/10 min. As shown by the behavior of the 
curve determined for volumetric flow rate (MVR) (Fig. 2), 
the opoka addition does not significantly influence the 
MVR value. A slight increasing tendency can be noticed. 
For PP, the MVR value was 4.22 ± 0.01 cm3/10 min. The 
addition of 10 wt % filler caused an increase in MVR of 
up to a level of 4.28 ± 0.01 cm3/10 min. It can be found 
from the analysis of the mass and volumetric flow rates 
that opoka, as a filler (in the concentration range under 
consideration) does not impair the processability of the 
polymer. This reveals a high application potential of the 
filler from the point of view of its processing. The ob-
tained variations in MFR and MVR as a function of opoka 
content show that in order to objectively determine the 
effect of filler addition on the processability of polymer, 
a comprehensive analysis of flow rates (MFR and MVR) 
is required.

To characterize the extruder operation, the curves 
of the relationship of the total pressure drop versus ex-
truder screw speed, Δp = f(Vs), were determined for each 
of the employed measuring dies. When examining the 
variations in ∆p as a function of measuring die length, L, 
a natural increase in flow resistance (Δp↑) with increas-
ing die length was found [22]. The lowest flow resistance 
occurred during flow through a die with a length of 
L = 20 mm, while the highest flow resistance during flow 
through a die with a length of L = 50 mm – irrespective of 
the type of polymeric material examined. The behavior of 

T a b l e  1.  Dependence of density of polypropylene composites on opoka filler content

Density
g/cm3

Designation of sample
PP OP1 OP5 OP10

d23 0.893 ± 0.001 0.903 ± 0.001 0.925 ± 0.001 0.953 ± 0.002
d230 0.754 ± 0.001 0.765 ± 0.002 0.789 ± 0.002 0.811 ± 0.002
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Fig. 2. Dependence of MFR and MVR as a function of filler 
 (opoka rock) content
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content of the polymer matrix, which can be regarded as 
a positive aspect of using opoka as a filler. A confirma-
tion of these observations is the illustration of ∆p varia-
tions as a function of Vs determined during the flow of PP 
and composites (OP1, OP5 and OP10) through a die with 
a length of L = 20 mm (Fig. 3). 

No effect of employed measuring die length on the 
volumetric flow rate was observed as a function of ex-
truder screw rotational speed. However, an effect of the 
opoka addition on the efficiency of the extrusion process 
was found. The magnitude of volumetric flow rate de-
creased with increasing polypropylene filler content. As 
can be seen from the curves  = f(Vs) (Fig. 4), the highest 
volu metric flow rate has been obtained for PP, while the 
lowest for a composite containing 10 wt % filler (OP10). 
The relationship presented above applies to flow  through 
a die of a length of L = 30 mm; similar shifts of the curves 
were obtained for the flows determined for the remain-
ing  measuring dies. 

The aim of using of dies of an identical radius and dif-
ferent lengths in the measurements was to determine the 
Bagley correction that makes allowance for pressure loss-
es in the die entrance. For each of the materials, so-called 
Bagley graphs, representing the variation of pressure as a 
function of die length-to-diameter ratio [Δp = f(L/R)], were 
plotted for some constant shear rate values. The value of 
eB were read out from the point of intersection with the x 
axis [34]. Figure 5 shows an example of Bagley graph de-
termined for composite OP5 for two selected shear rates, 
i.e., 189 and 283 s-1. 

Table 2 summarizes Bagley correction and shear rate 
values, for which the eB was determined. Due to large 
differences in the characteristic Δp = f( ) of the examined 
polymeric materials, the set constant measuring range 
of the apparent shear rate was contained in a fairly nar-
row interval, namely from 189 to 283 s-1. As shown by the 
data included in the table, the Bagley correction value 
increases in a natural manner with the increase in shear 
rate. This is the effect of the increase in pressure existing 
in the die entrance region as a consequence of a higher 
volumetric flow rate [34]. The variations in eB are also in-
fluenced by the filler content of the polymer. The greater 
values of the Bagley correction indicate increasing pres-
sure losses in the die entrance. When comparing the eB 
for the polypropylene and the produced composites, a 
correction increase, relative to the polymer matrix, is vi-
sible, as a result of the opoka addition. The largest Bagley 
correction values with respect to PP occur for composite 
OP1, and then they decrease with increasing filler con-
tent. The performed analysis shows that a composite of 
the best processability, considering disturbing entrance 
effects, is the composite containing 10 wt % filler. 

A complete analysis of the rheological properties un-
der the conditions of the shear flow of PP and compo-
sites was made for a die of a length L = 40 mm. The de-
termined values of Δp and  enabled the determination 
of the shear stress (Eqs. 1 and 2) and the apparent shear 
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Fig. 3. Total pressure drop (Δp) versus screw speed (Vs) for PP 
and its composites (OP1, OP5 and OP10), die L = 20 mm

Fig. 4. Volume flow rate (Q) versus screw speed (Vs) for PP and 
its composites (OP1, OP5 and OP10), die L = 30 mm

Fig. 5. Bagley plot – total pressure drop (Δp) versus L/R for 
 composite OP10 (γa = 189 and 283 s-1)

the Δp = f(Vs) curves showed also an effect of opoka on the 
flow resistance. The magnitude of the total pressure drop 
decreased with the increase in the powder hybrid filler 
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rate (Eq. 3) at the wall of the die used (for R = 1.5 mm). By 
using the Ostwald-de-Waele power-law model, the flow 
curves were determined, from which the values of power 
law index n and consistency factor K were determined. 
The flow curves were plotted to the corrected values of 
shear stress (τB), because the determined Bagley correc-
tion values had brought about quite significant shifts in 
the shapes of the flow curves [τ = f( )]. This indicates 
the occurrence of significant pressure losses in the die 
entrance section under the adopted in-line measurement 
conditions. Figure 6 illustrates differences in behavior be-
tween the flow curve with no allowance for the Bagley 
correction [τw = f( )] and the flow curve allowing for eB 
[τB = f( )] for composite OP1 during flow through a die 
with L = 40 mm. Introducing a Bagley correction causes 
a flow curve to shift towards smaller τ values. As a con-
sequence, this entails also a shift of viscosity curves in 
the direction of smaller η values. From the flow curves, 
the values of power law index n and consistency factor K 
were determined. A summary of the values of power law 
equation constants is provided in Table 3. 

As shown by the results shown in Table 3, the values 
of consistency factor grew with the increase in the filler 
content of the polymer matrix. The addition of the pow-
der hybrid filler was reflected also in variations in the 
values of polypropylene power law index. In spite of the 
filler addition, the value of PP power law index stays in 
the range of values characteristic of thermoplastic poly-

mers [22, 33]. For PP filled with opoka a relationship spe-
cific to thermoplastic polymers is observed – the value 
of power law index for these composites decreases with 
increasing filler contents of the matrix, thus enhancing 
their pseudo-plastic behavior [26, 30]. 

The determination of the power law index value al-
lowed to make a correction to the apparent shear rate 
(Rabinowitsch correction) and to determine the true 
viscosity curves for the composites under examination 
[22, 33, 36]. The addition of the powder hybrid filler in the 
amount from 1 to 10 wt % did not cause any significant 
changes in the true viscosity of polypropylene. Figure 7 
juxtaposes the ηw = f( w) curves determined for PP and its 
composites, respectively, during the flow through a die 
of a length of L = 40 mm. A slight shift in the viscosity 
curves for the composites towards smaller η values, com-
pared to the pure polypropylene, is visible – especially in 
a larger shear rate range. The presented viscosity curves 
of composites overlap, which confirms the lack of a dis-
tinct effect of opoka on the polymer viscosity. As can be 
seen from the viscosity curves, the increase in viscous 
flow resistance is insufficient for the rheological nature 
of the examined materials to change – the fluids being 
shear thinned.

CONCLUSIONS

The investigation of the rheological properties of 
 poly propylene composites with a new powder hybrid fil-
ler of natural origin, presented in this article, has shown 

T a b l e  2.  Values of Bagley correction of polypropylene and 
its composites

, s-1 PP OP1 OP5 OP10
eB

189 2.41 3.69 3.24 2.84
220 2.48 3.79 3.40 3.13
252 2.55 3.88 3.55 3.39
283 2.61 3.96 3.69 3.62

Fig. 6. Shear stress (τ) versus apparent shear rate (γa) for compo-
site OP1, die L = 40 mm (τw – uncorrected shear stress, τB – cor-
rected shear stress)

Fig. 7. Shear viscosity (ηw) versus true shear rate (γw) for PP and 
its composites (OP1, OP5 and OP10), die L = 40 mm

T a b l e  3.  Power law constants for composites of polypropyle-
ne with opoka rock filler determined in in-line measurements 
(die: L = 40 mm)

Power law constants PP OP1 OP5 OP10

n 0.354 0.348 0.285 0.250

K, Pa · sn 13 224 15 999 18 877 22 426
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a potential for using opoka as a polymer modifier. With 
its small addition (1 and 5 wt %), opoka does not change 
the MFR value of polypropylene. The addition of the fil-
ler in the amount of 10 wt % improves the polymer pro-
cessability – an increase in the value of mass flow rate, 
compared to the polymer matrix is observed. The results 
of in-line measuring technique used for the assessment 
of the rheological properties of the innovative composi-
tes have confirmed the possibility of processing them by 
extrusion. The addition of opoka does not adversely af-
fect the characteristic of the extrusion process – does not 
cause unstable operation of the extruder. The absence of 
significant differences in rheological properties between 
the composites and polypropylene is rather unexpected. 
In the majority of cases of the modification of polyolefins 
with powder fillers, an increase in material viscosity is 
observed. This is regarded as the greatest defect of mate-
rial, which is caused by it being filled with powders. The 
presented investigation has demonstrated that the visco-
sity of the examined composites does not change signifi-
cantly with increasing filler content. This may be caused 
by the presence of calcium carbonate in the composition 
of opoka. Research carried out into the use of small amo-
unts of CaCO3 as a filler has shown that it may cause a 
drop in material viscosity [37, 38]. It may also be due to 
the presence of other components of opoka rock [13]. This 
could be clarified by rheological tests of polypropylene 
composites filled with opokas of varying composition and 
composites with a high fill degree, which is the subject of 
ongoing research work. In view of the above discussion, 
it can be concluded that opoka would find application as 
a powder filler to reduce the cost of polypropylene, as in 
the case under consideration it is production waste. It is 
also a material that enhances the functional properties of 
polypropylene, as will be shown in publications to come.

This work was supported by the Research Projects of Poznan 
University of Technology (03/32/DSPB/0804).
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