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1- Introduction

Nowadays, polymers such as polypropylene (PP) are used
in various industrial and engineering applications. Since
these materials have advantages such as easy molding, low
price, the ability to be recycled several times, and having
good mechanical and thermal properties, they have been
noticed by researchers. Some disadvantages of PP, such as
low fracture toughness and as a result, reduced tensile and
impact strength, caused researchers to improve the
mentioned characteristic by adding different nanoparticles
to this material. Recently, the use of pearlite nanoparticles
has gained attention due to having suitable mechanical and
microstructural properties. Perlite nanoparticles are one of
the silicate reinforcements whose combination with
elastomer thermoplastics causes the formation of strong
intermolecular bonds between phases and increases the
tensile strength of nanocomposite samples. For this
purpose, sahraian et al. investigated the mechanical and
microstructural properties of low-density polyethylene

reinforced with pearlite nanoparticles prepared by the melt
mixing method. The results showed an increase in the
tensile strength, young's modulus, flexural strength and
flexural modulus of the nanocomposite compound
prepared from 9 wt.% of pearlite nanoparticles and a
decrease in the change in length to fracture and its impact
strength compared to pure polyethylene. The addition of
specific weight percentage of rubber materials to the
polymer matrix increases the flexibility of the samples.
Due to the wide use of natural rubber (NR) in industries
and benefiting from its very high elasticity caused the
addition of this material to polymer matrices, it caused the
property of elongation at break of the matrix has been
increased well and the elastic resistance against the tensile
force applied to the sample is higher.

2- Experimental Study
Polypropylene (PP) grade RP340N product of Jam

Petrochemical Company, natural rubber (NR) made in
Malaysia with grade of SMR20 and perlite nanoparticles
were used to produce nanocomposite samples. At the
beginning of the manufacturing process, polypropylene
and perlite nanoparticles were placed in an oven at 80 °C
for 24 hours to remove possible moisture. After that,
according to the specific weight percentages of materials,
an internal mixer with two rotating rotors was used to mix
the ingredients under a temperature of 180 °C and a screw
speed of 60 rpm for 12 minutes. Finally, a hydraulic hot
press was used to produce plates with dimensions of
150x150%3.2 mm to press the molten mixture obtained in
the previous step under a pressure of 150 bar and a
temperature of 185 °C for 15 min.

In this article, the test method is designed based on two
material parameters, which include the weight percentage
of natural rubber (N) and the weight percentage of pearlite
nanoparticles (P). The test design matrix was prepared by
the design expert version 12 software using the response
surface method (RSM) based on the central composite
design (CCD). Table 1 shows the test design matrix for 12
samples with different weight percentages.

Table 1- Sample coding

Row | Sample name N (wt.%) P (wt.%)
1 PP70/N30/NO 70 30
2 PP65/N30/N5 30 5
3 PP65/N30/N5 30 5
4 PP65/N30/N5 30 5
5 PP61/N30/N9 30 9
6 PP69/N30/N1 30 1
7 PP45/N50/N5 50 5
8 PP85/N10/N5 10 5
9 PP53/N40/N7 40 7

10 PP57/N40/N3 40 3
11 PP73/N20/N7 20 7
12 PP77/N20/N3 20 3

In this study, by use of the ASTM D638 standard,
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dumbbell-shaped tensile test samples were cut by a laser
machine (CNC) from square plates. Then, the samples
were stretched separately at a temperature of 25 °Cand at
a speed of 5 mm/min by using of santam tensile test
machine. Also, to reduce the percentage of errors, increase
the accuracy of the results and give validity to the
laboratory data, these tests repeated at least 3 times for
each sample and the averages of results was extracted.

3-Result and discussion

According to the diagrams (a) two-dimensional and (b)
three-dimensional surface response method predicted for
the tensile strength values in Figure 1, it can be concluded
that both material variables affect the tensile strength value
of the PP/NR/Perlite hanocomposite combination. Thus,
by keeping the weight percentage of pearlite nanoparticles
constant during the mixing process and increasing the
weight percentage of natural rubber, the tensile strength
can be reduced. For example, when using perlite with 3
wt.% and increasing the amount of natural rubber from 20
to 40 wt.%, the tensile strength value decreased from 8.92
to 7.61 MPa. However, the upward trend of tensile strength
was created in the condition that the weight percentage of
natural rubber was constant at 20 and the amount of
pearlite nanoparticles increased from 3 to 6.72 wt.% and
its value was determined to be 10.41 MPa. According to
these results, we can understand the importance of the
selected values for the material variables in order to
maximize and minimize the mechanical properties, the
behavior of the phases and the interface between them in
the prepared nanocomposite.

Diagrams in Figure 2, it can be seen that the maximum
value obtained for the elongation at break in the sample
made of 3 wt.% of pearlite nanoparticles and 40% by
weight of natural rubber is 87.81%. Also, if the both
amounts of natural rubber and perlite weight percentages
increased simultaneously, the maximum value of
elongation at break gradually decreased. So that, the values
of elongation at break for PP85/N10/N5, PP73/N20/N7,
PP77/N20/N3 and PP61/N30/N9 was 38/47, 47/88, 52/15
and 53.86%, respectively. The reason for this issue can be
considered to be the reduction of the amount of rubber
used in the base composition, which has caused a decrease
in elasticity and, as a result, a decrease in the amount of
elongation at break. in addition to, the decrease in the
amount of elongation at break of the material for the
PP61/N30/N9 sample is due to the accumulation and
lumpiness of nanoparticles in the polymer matrix phase,
which causes the formation of stress concentration points
in the microstructure of the sample and the reduction of its
strength at the moment of elongation at break.

The mapping images in figure 3 for two samples
PP65/N30/N5 and PP61/N30/N9, shows the proper
distribution of pearlite nanoparticles in the polymer base
phase in the sample PP65/N30/N5, which increases the
tensile strength by 38.83% compared to the sample
without nanoparticle. Also, the lumpiness of pearlite
nanoparticles has occurred in the PP61/N30/N9 sample,
which shows the concentration of nanoparticles in
different areas of the base phase. This leads to the

formation of stress concentration points in the sample and
ultimately a 28.92% reduction in the elongation at break
the material.
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Figure 1- Diagram of a) 2D b) 3D of the effect of interaction
parameters on tensile strength
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Figure 2- Diagram of a) 2D b) 3D of the effect of interaction
parameters on elongation at break
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Figure 3- Mapping images of the fracture surface of
nanocomposite samples a) PP65/N30/N5 and b)
PP61/N30/N9

4- Conclusion
The results obtained from the tensile test and response
surface method showed that:

e Considering the very closeness of the experimental
results with the answers obtained from the
mathematical model for two tensile properties
containing tensile strength and elongation at break, it
can be said that the results are highly accurate and the
R? values for these two properties 0.9821 and 0.9984
were reported respectively.

e The results of multi-variable optimization proved that
in the conditions where the amounts of natural rubber
and pearlite nanoparticles are 35.268 and 4.046% by
weight, respectively, both mechanical properties are
simultaneously at their maximum value. The tensile
strength was 8.332 MPa and the elongation at break
was 74.38%.
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Optimization of Mechanical and Morphological Properties of Polypropylene Reinforced with Natural
Rubber-Perlite Nanoparticles Using Response Surface Method

Hadi Soleymani  Abdolhossein Fereidoon Alireza Albooyeh ~ Mohammad Reza Nakhaei

Abstract In this research, the tensile properties of polypropylene/natural rubber composite reinforced with perlite
nanoparticles produced using a biaxial internal mixer were studied. The mathematical modeling of analysis of variance
using the surface response method was used to confirm the experimental results. The role of each materials variable and
the weight percentage of natural rubber and pearlite nanoparticles on the tensile properties of the new nanocomposite
samples was investigated. It was observed that the values of tensile strength and elongation at break by increasing the
amount of natural rubber from 20 wt.% to 40 wt.% and the constant amount of perlite nanoparticles at 3 wt.%, decreased
by 14.68% (from 8.92 to 7.61 MPa) and increased by 72% (from 51.05% to 87.81%), respectively. The results obtained
from the parameters optimization showed that the maximum values of tensile strength and elongation at break are 8.332
MPa and 74.38% was obtained in the sample with 3.268 wt.% of natural rubber and 4.046 wt.% of perlite nanoparticles,
respectively. The scanning electron microscope images showed the positive effect of adding nanoparticles to the
polypropylene/natural rubber composite due to the reduction in the size of the elastomeric phase and as a result, the
increase in the tensile strength of the composite samples. Also, the proper dispersion of nanoparticles in the polymer
matrix phase occurred in the sample with 5 wt.% of perlite nanoparticles and 30 wt.% of natural rubber. However, with
increasing the weight percentages of nanoparticles up to 9 wt.%, some agglomerations of pearlite nanoparticles were
observed in the thermoplastic phase.

Key Words Polypropylene, Natural Rubber, Perlite Nanoparticles, Nanocomposite, Microstructure, Response Surface
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