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Abstract
This study prepared composite polymer granules based on polypropylene (PPJ160) and hig 

h-density polyethylene (HDPE 7000F) waste modified with bentonite and calcium carbonate 
(CaCO₃), and comprehensively investigated their physicomechanical and rheological proper-
ties. The compositions were compounded using a twin-screw extruder, and the melt flow index 
(MFI), tensile strength, elongation at break, flexural strength, elastic modulus, and impact 
toughness were determined using standard test methods. The results showed that increasing 
the HDPE content improved the flowability and deformability of the composites, while slightly 
reducing their tensile strength. Bentonite-modified composites demonstrated higher tensile 
strength and elongation, whereas the addition of CaCO₃ increased flexural strength and elastic 
modulus. The PHBC series exhibited superior structural properties. PHBC‑1, containing 70% 
PPJ160, 10% HDPE, 5% MAPP, 10% bentonite, and 5% CaCO₃, was recommended as the op-
timal composition. The obtained results confirm the possibility of producing high-performance 
composite granules through the integrated recycling of polymer waste with local mineral fillers.
Keywords: polypropylene, polyethylene, composite, polymer, granules, bentonite, calcium 
carbonate, MAPP, rheology, material

Introduction
The recycling of polymer waste has be-

come an important approach to mitigating 
environmental pollution and promoting the 
efficient utilization of secondary raw mate-

rials. In particular, the modification of poly-
propylene (PP) and high-density polyeth-
ylene (HDPE) waste with mineral fillers has 
attracted considerable attention due to its 
potential for producing composite materials 
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with enhanced performance characteristics. 
Bentonite is widely used as a reinforcing fill-
er because of its high specific surface area 
and excellent reinforcing capability, where-
as calcium carbonate (CaCO₃) improves the 
stiffness and flexural strength of polymer 
composites. In addition, maleic anhydride-
grafted polypropylene (MAPP) acts as an 
effective compatibilizer, enhancing the inter-
facial adhesion between polymer phases and 
improving the overall mechanical perfor-
mance of the composites. The present study 
aims to prepare composite polymer granules 
based on polypropylene and polyethylene 
waste modified with bentonite and CaCO₃, 
to evaluate their rheological and physicome-
chanical properties, and to identify the opti-
mum composition for potential applications 
in the production of construction materials.

Materials and Methods
Composite polymer granules pre-

pared from polypropylene waste (PPJ160), 
high-density polyethylene (HDPE 7000F), 
maleic anhydride-grafted polypropylene 
(MAPP) as a  compatibilizer, bentonite, and 
calcium carbonate (CaCO₃) were used as the 
materials for this study. To evaluate the re-
inforcing effect of bentonite and the stiffen-
ing effect of CaCO₃, two groups of composite 
formulations were prepared. The first group 
(PHB) contained 10 wt.% bentonite, where-
as the second group (PHBC) consisted of 10 
wt.% bentonite and 5 wt.% CaCO₃. The com-
positions of the prepared composite formula-
tions are presented in (Table 1).

Table 1. Composition of Composite Polymer Granules Prepared from 
Polypropylene and Polyethylene Waste with Mineral Fillers

Sample 
Code

PPJ160 
(wt.%)

HDPE 7000F 
(wt.%) MAPP (%) Bentonite 

(wt.%)
CaCO₃ 
(wt.%)

PHB‑1 75 10 5 10 –
PHB‑2 70 15 5 10 –
PHB‑3 65 20 5 10 –
PHB‑4 60 25 5 10 –
PHB‑5 55 30 5 10 –
PHBC‑1 70 10 5 10 5
PHBC‑2 65 15 5 10 5
PHBC‑3 60 20 5 10 5
PHBC‑4 55 25 5 10 5
PHBC‑5 50 30 5 10 5

Prior to the preparation of the compos-
ite granules, PPJ160 polypropylene waste 
and HDPE 7000F were shredded, while 
bentonite and calcium carbonate (CaCO₃) 
were dried at 105  °C to remove moisture. 
All components were weighed according to 
the specified formulations and dry-mixed 
in a  laboratory mixer for 10–15 min. The 
prepared mixtures were compounded using 
a twin-screw extruder at processing tempera-
tures ranging from 170 to 210 °C and a screw 
rotation speed of 60 ± 5 rpm. The extrudates 
were subsequently cooled in a  water bath 
and pelletized into granules with a  size of 
3–5 mm. Before testing, all specimens were 

conditioned at 23 ± 2 °C and 50 ± 5% rela-
tive humidity for at least 24 h. The process-
ing characteristics of the composite granules 
were evaluated by measuring the melt flow 
index (MFI) according to ASTM D1238 (ISO 
1133) at 230 °C under a load of 2.16 kg. The 
MFI values were expressed in g/10 min. The 
tensile properties, including tensile strength 
and elongation at break, were determined 
using a  universal testing machine in accor-
dance with ASTM D638 (ISO 527–2). The 
maximum tensile stress (MPa) and elonga-
tion at break (%) were recorded during test-
ing. The flexural strength and flexural mod-
ulus were measured using the three-point 



PHYSICOMECHANICAL AND RHEOLOGICAL PROPERTIES OF COMPOSITE POLYMER19

Austrian Journal of Technical 
and Natural Sciences, 2026 No 5 – 6

Section 1. Chemistry

bending method following ASTM D790 (ISO 
178). The maximum flexural stress (MPa) 
and flexural modulus (GPa) were calculated. 
The impact strength of the composite gran-
ules was evaluated using the Izod impact test 
in accordance with ASTM D256 (ISO 180). 
The impact resistance was expressed as ab-
sorbed impact energy in kJ/m². For each for-
mulation, at least five specimens were test-
ed. The experimental data were processed 
and reported as mean ± standard deviation 
(Mean ± SD). A  comparative analysis was 
performed to evaluate the effects of HDPE 
7000F, bentonite, and CaCO₃ contents on 
the rheological and physicomechanical prop-
erties of the composite materials.

Results and Discussion
The melt flow index (MFI) is one of the 

most important parameters for evaluating 
the processing characteristics of composite 
polymer granules. It characterizes the flow 
behavior of the polymer melt and provides 
an assessment of the material’s suitability 
for processing techniques such as extru-
sion, injection molding, and other polymer-
forming operations. Therefore, the MFI val-
ues of composite granules prepared from 
PPJ160, HDPE 7000F, MAPP, bentonite, 
and bentonite/CaCO₃ were investigated. 
The experimental results are presented in 
(Figure 1).

Figure 1. Effect of HDPE 7000F Content on the Melt Flow 
Index (MFI) of PHB and PHBC Composite Granules

A  comparative analysis of the PHB and 
PHBC series (Figure 1) showed that the MFI 
values of the PHBC composites were consis-
tently lower than those of the corresponding 
PHB formulations. For example, at an HDPE 
content of 20 wt.%, the MFI decreased from 
7.5 g/10 min for PHB‑3 to 6.9 g/10 min for 
PHBC‑3, and a similar trend was observed for 
all formulations. This reduction is attributed 
to the addition of 5 wt.% CaCO₃, which, to-
gether with bentonite, forms a dispersed phase 
within the polymer matrix, restricts polymer 
chain mobility, and increases melt viscosity. 

Nevertheless, the reduction in MFI was mod-
erate, indicating that CaCO₃ had only a limit-
ed effect on the processability of the compos-
ites. The highest MFI values were recorded for 
PHB‑5 (7.9 g/10 min) and PHBC‑5 (7.3 g/10 
min). Overall, the MFI values ranged from 6.5 
to 7.9 g/10 min, demonstrating that all for-
mulations possessed sufficient flowability for 
extrusion and pelletizing processes.

The tensile strength of the PHB and 
PHBC series of composite polymer granules 
was also investigated. The experimental re-
sults are presented in (Figure 2).
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Figure 2. Effect of HDPE 7000F Content on the Tensile 
Strength of PHB and PHBC Composite Granules

As shown in Figure 2, the tensile strength 
decreased gradually with increasing HDPE 
7000F content in both the PHB and PHBC 
series. In the PHB series, tensile strength (σt) 
decreased from 40.0 MPa (PHB‑1) to 38.0 
MPa (PHB‑5), while in the PHBC series it de-
clined from 38.5 MPa to 36.5 MPa. The high-
est tensile strength was obtained for PHB‑1, 
owing to its higher PPJ160 content (75 

wt.%). Increasing the HDPE content from 10 
to 30 wt.% enhanced composite deformabil-
ity but slightly reduced tensile strength be-
cause of the lower fraction of the reinforced 
crystalline polypropylene phase. The rela-
tively small decrease (only 2 MPa in the PHB 
series) indicates that MAPP and bentonite 
effectively improved interfacial adhesion and 
reinforcement within the polymer matrix.

Figure 3. Effect of HDPE 7000F Content on the Elongation 
at Break of PHB and PHBC Composite Granules

The PHBC series consistently exhibited 
lower tensile strength than the correspond-
ing PHB formulations. For instance, the 

tensile strength decreased from 39.0 MPa 
for PHB‑3 to 37.5 MPa for PHBC‑3. This re-
duction is attributed to the incorporation of 
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5 wt.% CaCO₃, which increases stiffness but 
also creates stress concentration sites during 
tensile loading, thereby limiting deformation 
and slightly reducing tensile strength. Over-
all, the results demonstrate that bentonite-
modified composites provide more effective 
reinforcement than bentonite/CaCO₃-filled 
systems in the PPJ160/HDPE matrix.

In addition, the elongation at break of the 
PHB and PHBC series of composite polymer 
granules was investigated. The experimental 
results are presented in Figure 3.

As shown in Figure 3, the elongation 
at break increased steadily with increasing 
HDPE 7000F content in both the PHB and 
PHBC series. In the PHB series, elongation 
at break (ε) increased from 228% (PHB‑1) to 
268% (PHB‑5), while in the PHBC series it 
increased from 202% to 242%. This improve-
ment is attributed to the higher ductility of 
HDPE compared with polypropylene, which 
enhances composite flexibility and promotes 
greater polymer chain orientation during ten-
sile deformation. The highest elongation at 
break was obtained for PHB‑5 (268%), while 
MAPP further improved interfacial adhesion 
between the PPJ160 and HDPE phases, pre-
serving composite integrity during deforma-
tion. Although the PHBC series exhibited the 
same increasing trend, its elongation at break 
remained consistently lower than that of the 
corresponding PHB formulations. For exam-
ple, PHB‑3 showed an elongation at break of 

248%, compared with 222% for PHBC‑3. On 
average, the PHBC composites exhibited 20–
30% lower elongation than the PHB series. 
This reduction is attributed to the incorpora-
tion of 5 wt.% CaCO₃, whose particles restrict 
polymer chain mobility and reduce the plastic 
deformation capability of the matrix. These 
results indicate that bentonite-modified com-
posites exhibit superior deformation proper-
ties while maintaining greater flexibility than 
bentonite/CaCO₃-filled systems. Overall, the 
highest impact strength among the investi-
gated composites was observed for the PHB‑5 
formulation, reaching 39 kJ/m², whereas the 
lowest value was recorded for PHBC‑1 (33 kJ/
m²). The impact strength (aₙ) of all compos-
ite formulations ranged from 33 to 39 kJ/m², 
indicating that the prepared materials pos-
sess sufficient resistance to dynamic loading 
and impact stresses. The physicomechanical 
and rheological properties of composite poly-
mer granules prepared from PPJ160, HDPE 
7000F, MAPP, bentonite, and CaCO₃ were 
comprehensively evaluated. The PHBC series 
exhibited superior physicomechanical per-
formance compared with the PHB series. In 
particular, PHBC‑1 demonstrated the highest 
flexural strength (64 MPa) and flexural mod-
ulus (2.29 GPa), indicating excellent stiffness 
and structural performance for construction 
applications. These findings are further sup-
ported by the physicomechanical and rheolog-
ical data summarized in Table 2.

Table 2. Physicomechanical and Rheological Properties of Composite 
Polymer Granules Modified with Inorganic Mineral Fillers

Sample 
ID

(MFI) 
g/10 min

Tensile 
Strength
σt, MPa

Elonga-
tion at 

Break ε, %

Flexural 
Strength
σf, MPa

Flexural 
Modulus
Eexp, GPa

Impact 
Strength
aₙ, kJ/m²

PHB‑1 7,1 40,0 228 62 2,14 35

PHB‑2 7,3 39,5 238 61 2,09 36

PHB‑3 7,5 39,0 248 60 2,04 37

PHB‑4 7,7 38,5 258 59 1,99 38

PHB‑5 7,9 38,0 268 58 1,94 39

PHBC‑1 6,5 38,5 202 64 2,29 33

PHBC‑2 6,7 38,0 212 63 2,24 34

PHBC‑3 6,9 37,5 222 62 2,19 35

PHBC‑4 7,1 37,0 232 61 2,14 36

PHBC‑5 7,3 36,5 242 60 2,09 37
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Among the investigated formulations, 
PHBC‑1 (70 wt.% PPJ160, 10 wt.% HDPE 
7000F, 5 wt.% MAPP, 10 wt.% bentonite, and 
5 wt.% CaCO₃) was identified as the optimum 
composition because of its balanced combi-
nation of stiffness, flexural strength, elastic 
modulus, and impact resistance. This formu-
lation is considered a promising material for 
manufacturing construction profiles, façade 
panels, decorative cladding, cable ducts, and 
other structural products. The incorporation 
of 15 wt.% mineral fillers (10 wt.% bentonite 
and 5 wt.% CaCO₃) resulted in the best me-
chanical performance, demonstrating the ef-
fectiveness of locally available mineral fillers 
in reinforcing polymer waste-based compos-
ites. These findings confirm that the integrat-
ed recycling of polymer waste and mineral 
fillers is a  feasible approach for producing 
high-performance composite granules for 
engineering and construction applications.

Conclusion
Composite polymer granules based on 

polypropylene (PPJ160) and high-density 
polyethylene (HDPE 7000F) waste, modi-

fied with bentonite and calcium carbonate 
(CaCO₃), were successfully prepared, and 
their rheological and physicomechanical 
properties were comprehensively evaluated. 
The results demonstrated that increasing the 
HDPE content enhanced the melt flow index 
and elongation at break, while causing a slight 
reduction in tensile strength. The bentonite-
modified PHB series exhibited superior ten-
sile strength and deformation properties, 
whereas the PHBC series containing CaCO₃ 
showed improved flexural strength and flex-
ural modulus. Among the investigated for-
mulations, PHBC‑1 (70 wt.% PPJ160, 10 
wt.% HDPE, 5 wt.% MAPP, 10 wt.% benton-
ite, and 5 wt.% CaCO₃) was identified as the 
optimum composition because it provided 
the best balance of mechanical and process-
ing properties. These findings demonstrate 
that the integrated recycling of polymer 
waste with locally available mineral fillers 
offers an effective approach for producing 
high-performance composite polymer gran-
ules suitable for construction materials and 
other structural engineering applications.
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