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Abstract:

Polymer composites are becoming more and more involved in many industries such as
aerospace, automotive, transportation and sports. As usage increases in the commercial
market, the polymer industry provides materials to almost every area of technology and
industry, allowing the production of materials or new materials to be produced and the
development or orientation of new types of needs. In the last 10 years, the use of polymer
composites has become the new materials needed in electronic technology. The aim of
this study is to investigate the effects of polypropylene (PP) on mechanical and
conductivity properties by using mica (M) as an inorganic filler and carbon nano tube
(CNT) as an organic filler. Before hybrid composite materials were produced,
polypropylene (PP) and M-PP composites were produced and composite with the best
mechanical properties were selected. PP-M composites were produced by using a
thermokincetic mixer with the addition of mica in 10%, 20%, and 30% weight ratios.
Hybrid composites were manufactured using CNT addition into PP-20M with %1, %3,
%5, and %7 weight ratios. Mechanical properties of the composite materials produced
using tensile and bending tests and viscoelastic properties by dynamic mechanical
analysis (DMA), thermal properties by differential scanning calorimeter (DSC) and
thermogravimetric (TGA) analyses and morphological structures by scanning electron
microscopy (SEM) were investigated

1. Introduction

addition of mica to a polymer can result in
significant improvements to the material's
properties, such as increasing tensile and flexural

Polypropylene (PP) is the plastic raw material with
the highest production, consumption, and trade in the
world after polyethylene [1]. PP is a thermoplastic
polymer with a low density (0.90-0.91 g/cm3) [2]. It
is used in the production of products such as
automotive parts, electronics, and kitchenware [3].
Reinforcements like as glass fiber, carbon fiber, and
mica are used to enhance the properties of PP. The
properties of PP can be improved depending on the
type of reinforcement and chemical bonding [4].
Mica-filled polymers provide excellent surface
qualities, as well as high thermal degradation,
strength, hardness, and dimensional stability [5]. The

strengths, decreasing isotropic shrinkage and
permeability, improving dielectric and thermal
properties, and developing surface properties [6].
However, these composites are not electrically
conductive. In recent years, theoretical and practical
studies have focused on enhancing the electrical and
thermal conductivity properties of polymers by
using conductive filler or reinforcement material.
Carbon black, carbon nanotubes, graphene, and
graphene oxide are commonly used as carbon-based
filler and reinforcing materials in the manufacture of
conductive composites [7]. Antistatic materials can
be used in medical devices, cables, transducers, and
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gas sensors to protect from electromagnetic radiation
and provide electrostatic discharge [8]. CNT is a
nanomaterial with extremely unique mechanical,
electrical and thermal properties. They can be
incorporated into the polymer matrix to utilize the
superior properties of CNTs such as electrical and
thermal conductivity [9]. It has been observed that
nanocomposites consisting of polymer matrices and
carbon nanotubes have a great application potential
for the electronics industry [10].

The effect of electrically conductive carbon
nanotubes (CNT) and mica (M) as reinforcing
materials on the mechanical, thermal, and electrical
properties of polypropylene was investigated in this
study. Mica (M)-PP composites were produced by
mixing 10%, 20%, and 30% mica (M) with
polypropylene (PP). Carbon nanotubes (CNT) were
added to 20M-PP at rates of 1%, 3%, 5%, and 7% by
weight while developing hybrid composite samples.
The mechanical properties of the composite
materials produced were tested using a universal
testing device; their viscoelastic properties were
discovered using a dynamic mechanical analyzer
(DMA); their thermal properties were found using a
differential scanning calorimeter (DSC) and
thermogravimetric (TGA) analyzer; their electrical
resistance was measured using a digital source
meter; and their morphological structures were
understood using a scanning electron microscope
(SEM).

2. Material and Methods

2.1 Materials

Copolypropylene (PP) (LG Chemical PP M1500)
was used as the polymer matrix. Micronized mica
(SMW.125, D50=25 pm and density of 2.85 g/cm?®)
used in composite was obtained from Kaltun
Madencilik company and carbon nanotube (CNT)
(KNT-MP industrial grade multi-walled carbon
nanotube, BET surface area of 250-300 m?/g, carbon
purity >90%) was purchased from Graphene
Chemical Industries (GCI). The diameter of the
carbon nanotube is ~9.5 nm and the length are 1.5
pm.

2.2 Composite Production

A high-speed thermokinetic mixer (Giilnar Makine
laboratory-type gelimat mixer, Turkey) was used to
produce the composites. After adding different
weight percentages of M and PP or M, CNT, and PP
into the feeding chamber of the high-speed
thermokinetic mixer, the entire material mixture was
mixed at 2000 rpm for 20-30 seconds. After the
mixing process was completed, the feeding chamber
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was immediately opened, and the molten mixture
was taken with a wooden spatula and placed into a
mold with dimensions of 150mmx150mmx1mm. It
was hot-pressed for 5 minutes at 120 bar pressure
and 190 °C using a temperature- and pressure-
controlled hydraulic press (Gililnar Makina
laboratory-type heated-cooled hydraulic press,
Turkey). After the hot-pressing process, the samples
were cold pressed under 120 bar pressure for 2
minutes. The sample codes of the produced
composites and the PP, M, and CNT ratios in each
composite are given in Table 1.

Table 1: Composite sample codes and PP, M and CNT
ratios in each composite

s;:n:g;gc;léis PP (%) | M (%)|CNT (%)
PP 100 0 0
10 M-PP 90 10 0
20 M-PP 80 20 0
30 M-PP 70 30 0
PP20M-1CNT 79 20 1
PP20M-3CNT 77 20 3
PP20M-5CNT 75 20 5
PP20M-7CNT 73 20 7

2.3 Thermogravimetric Analyzes (TGA)

Thermal stability of the composites was determined
by thermogravimetric analysis. Thermal properties
of PP and its composites were analyzed with TA
Instrument Q600 device. The samples were heated
from room temperature to 600 °C under nitrogen gas
atmosphere at a rate of 10 °C/min.

2.4 Differential Scanning Calorimetry (DSC)
Analyses

DSC analyses were performed in a nitrogen gas
atmosphere using the TA Instruments DSC Q2000
instrument to determine the thermal properties of PP
and composites, including as melting and
crystallization temperatures and melting and
crystallization enthalpy values. To remove the
samples' thermal history, they were heated from 20
°C to 200 °C at a rate of 10 °C minute and then held
at 200 °C for 3 minutes. The samples were cooled to
20 °C at a cooling rate of 10 °C /minute, then heated
to 200 °C at a heating rate of 10 °C /minute, and DSC
data were obtained.

2.5 Mechanical Tests

Tensile tests were carried out with the use of a
universal testing equipment equipped with a 5-kN
load cell (Shimadzu Autograph AG-IS, Japan). The
composites were tensile tested in accordance with
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the ASTM D-638 standard, with the crosshead speed
set to 50 mm/min. The flexural strength and modulus
of the composites were evaluated using the three-
point bending test in accordance with the ASTM D-
790 standard. The three-point bending tests were
performed on using a universal testing machine with
a crosshead speed of 1 mm/min and a span length of
32 mm. To ensure repeatability, the tests were
repeated at least three times for each type of
composite.

2.5 Dynamic Mechanics Analysis (DMA)

A dynamic mechanical analysis (DMA) instrument
(DMA Q800, TA instruments) was used to
determine the storage modules and the tan delta
properties of the composites. The instrument was
tested with a single cantilever at temperatures
ranging from 40 to 135 °C with a heating rate of 3 °C
/minute.

2.6 Electrical Resistivity Measurements

Surface resistivities of PP, M-PP, and PP-M-CNT
composite plates were measured with a Keithley
Digital Sourcemeter according to the ASTM D257
method.

2.7 Scanning Electron Microscopy Observation

The fracture surfaces of the composites were
observed using a scanning electron microscope
(SEM) (Carl Zeiss 300VP, Germany) operated at 2.5
kV. A thin layer of gold was coated on the fractured
surface of the composites by using an automatic
sputter coater (Emitech K550X) to reduce the extent
of sample arcing during SEM observation.

3. Results and Discussions
3.1 Thermogravimetric Analysis (TGA)

TGA analysis was used to investigate the thermal
degradation behavior of PP, M-PP, and PP-M-CNT
composites. TGA curves were used to calculate the
onset and maximum thermal degradation
temperatures. Figures 1 and 2 show the thermal
degradation behaviors of composites. Pure PP starts
its thermal degradation at 413.72 °C, as seen in Table
2. Once M particles are added to pure PP, the
temperature rises. The 30M-PP composite had the
highest onset degradation temperature. This is due to
the barrier effect of mica against thermal
degradation, and the barrier effect absorbs energy
and temperature within the material [11]. Table 2
shows that the maximum degradation temperature of
pure PP is 457.37 °C. The maximum
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Figure 1. TGA curves of PP and M-PP composites.
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Figure 2. TGA curves of PP, 20M-PP and PP-M-CNT
composites.

thermal degradation temperature of the PP increased
as the M concentration in PP increased. The 30M-PP
composite had the highest maximum degradation
temperature among M-PP composites, with a value
of 471.35 °C. This is because mica has a high
interface interaction [12]. Except for the PP20M-
1CNT hybrid composite, the onset and maximum
degradation temperatures of the hybrid composites
increased compared to 20M-PP. The highest onset
and maximum degradation temperatures were
detected in the PP20M-7CNT hybrid composite, and
the onset and maximum degradation temperature
values for this composite are 446.78°C and
473.84°C, respectively. The reason for this increase
is that the nanotubes incorporated into the polymer
matrix allow heat to spread uniformly throughout the
composite. As a result, thermal degradation
temperature values increased with the increase in the
CNT ratio. In addition, the conductivity of CNTs and
the better energy transfer between bonds increased
these
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Table 2: TGA data of PP, M-PP and PP-M-CNT

composites
Sample Code | ODT (°C) |MDT (°C) | EDT (°C) | ML
(%)
P 413.72 457.37 489.97 | 99.77
10M-PP 425.85 461.48 491.04 | 91.10
20M-PP 432.08 467.45 49223 | 81.68
30M-PP 435.88 471.34 498.96 | 70.05
PP20M-1CNT | 424.60 462.94 49328 | 87.80
PP20M-3CNT | 444.64 472.10 49222 | 78.87
PP20M-5CNT | 443.20 472.09 496.26 | 76.57
PP20M-7CNT | 446.78 473.84 49950 | 75.72
* Onset Degradation Temperature: ODT, Maximum
Degradation  Temperature: MDT, End Degradation

Temperature: EDT, Mass Loss: WL.

temperature values as the amount of CNTSs increased
[13]. Since nanotubes have good thermal
conductivity, heat applied to the composites can be
easily dissipated [14].

3.2 Differential Scanning Calorimetry (DSC)

The DSC curves of pure PP, M-PP, and M-CNT
composites are shown in Figures 3 and 4.
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Figure 3: DSC graphs of PP and M-PP composites.
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Figure 4. DSC graphs of 20M-PP and PP20M-CNT
composites.

T T
100 120 200

1508

Table 3 exhibits the Tm (melting temperature), Tc
(crystallization ~ temperature), Hm  (melting
enthalpy), Hc (crystallization enthalpy), and Xc
(degree of crystallinity) values of PP, M-PP, and PP-
M-CNT composites.

Degree of crystallinity for M-PP and M-CNT-PP
composites;

AH,,

#* 100

Xc(%) = 2
m

(1)

Equation 1 was used to calculate the Xc values. The
expressions in the formula are as follows:
H°m=melting enthalpy of 100% crystal PP,
dpp=weight percentage of PP in the composite. The
melting enthalpy of 100% crystalline PP was
assumed to be 209 J/g in the Xc calculation [15]. As
indicated in Table 3, M particles added to PP had a
weak effect on the melting temperature. It is believed
that the crystal size of PP does not change visibly
with M particles [16]. The Tc value of PP is lower
than the Tc value of the M-PP composite. With the
addition of M, the Tc value increased by an average
of 1.29-2.28 °C. Additionally, when the Tc value of
the 20M-PP composite is compared with the Tc
values of the PP-M-CNT hybrid composites, an
increase of 1.04-5.40 °C is observed on average. The
reason for this increase is thought to be the
nucleation effect of CNTs [17]. When the Tm values
of hybrid composites were compared to the 20M-PP
composite, as illustrated in Figure 4, it was found
that the effect of CNT on Tm of PP was lower. It is
an indication that CNT does not change the crystal
sizes of polymers [18]. The Tc values of PP-M-CNT
hybrid composites are higher than the Tc values of
PP. In addition, when 20M-PP composites are
compared to hybrid composites, the Tc value of
hybrid composites is 2.5°C higher on average. The
reason for this increase can be explained by the
heterogeneous nucleation effect of CNTs [19].
While the Xc value of 20M-PP composite is 1.62%
higher than the Xc value of PP, the Xc value of
PP20M-7CNT composite is 3.49% higher than the
Xc value of PP. With this result, it is thought that
CNT particles are not very effective in increasing the
crystallinity degree of PP.

3.3. Mechanical Tests

Mechanical properties such as tensile strength,
Young’s modulus, flexural strength, and flexural
modulus of PP, M-PP composites, and PP-M-CNT
hybrid composites are given in Table 4. Variations
in the tensile strength and Young’s



Kutlay Sever, Hiiseyin Yilmaz, Metehan Atagiir, [brahim Sen / IJCESEN 11-1(2025)1505-1514

Table 3: Tm, Tc, AHm, AHc, and Xc values of PP, M-PP
and PP-M-CNT composites.

Sample codes m Tc AHc | AHm | Xc

CO | €O | (/9) | (/9) | (%)
PP 164.9 | 1209 | 86.9 | 81.0 | 38.8
10M-PP 167.2 | 1213 | 779 | 774 | 411
20M-PP 1654 | 1228 | 69.8 | 675 | 404
30M-PP 1655 | 122.3 | 63.3 | 60.2 | 41.2

PP20M-1CNT | 167.3 | 121.0 | 73.3 | 64.0 | 38.9

PP20M-3CNT | 166.0 | 124.8 | 70.6 | 63.8 | 39.7

PP20M-5CNT | 166.7 | 124.7 | 66.3 | 61.1 | 39.0

PP20M-7CNT | 166.9 | 1254 | 689 | 63.8 | 41.8

Tablo 4: Mechanical properties of PP, M-PP and M-
CNT-PP composites

Sample Code | Tensile | Young’s | Flexural | Flexura
Strength | Modulus | Strength |

(MPa) (MPa) (MPa) | Modulu

s (MPa)

PP 22.3 925.1 35. 1042.6

10M-PP 214 1125.3 37.1 1284.8

20M-PP 215 1295.7 36.4 1490.7

30M-PP 21.3 1461.7 35.0 1597.5

PP20M-1CNT 22.0 1254.4 40.5 1361.5

PP20M-3CNT 21.3 1333.5 39.4 1321.9

PP20M-5CNT 21.6 1376.7 35.3 1249.2

PP20M-7CNT 215 1503.6 32.7 1228.5

modulus of PP and M-PP composites and PP-M-
CNT hybrid composites are shown in Figure 5 and
6. As seen in Table 4, the tensile strength of PP is
22.3 MPa. A decrease in the tensile strength of PP
was observed with the addition of M to PP.
However, as the M ratio added to PP increased, no
significant decrease in tensile strength was observed.
The reason for the decrease in tensile strength is that,
due to mica's lamellar structure, the materials are not
mixed at sufficient temperature and time in
composite production.
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Figure 5. Variations in tensile strength and Young'’s
modulus of M-PP composites.

T T T T T T 1500
25 -
o o
| ; T _
§ 20 + _ T L“E
s . I 1000 \E_,
g T e [%]
= =)
> 159 =
c =}
Gﬁ o
5 =
<} %
= 104 [«2)
2 k500 S
5] =]
s >
54
0 0
R Q & & & &
< & S S & S
< N N N N
<V <V < <V
< < < <

Figure 6. Variations in tensile strength and Young’s
modulus of M-PP-CNT composites.

As a result, mica is not distributed homogeneously
within the matrix structure [20]. The tensile strength
of PP-M-CNT hybrid composites is lower than PP.
The tensile strength of the composites almost did not
change with the addition of carbon nanotubes. Only
a slight increase in the tensile strength of the PP20M-
1CNT hybrid composite was observed. The reasons
for not increasing the tensile strength are that as the
number of particles increases, the distribution of the
particles in the matrix is not homogeneous, and the
interfacial adhesion of the matrix and particles is
weak [21]. CNTs include atomically smooth non-
reactive surfaces, limiting load transfer due to
insufficient interfacial interaction between the CNT
and the polymer chains. As a result, the benefits of
CNTs' strong mechanical characteristics are
underused [22]. Young’s modulus of PP is 925.1
MPa. An increase in the Young’s modulus was
detected with the addition of M to the PP matrix. The
highest Young’s modulus value was seen in the
30M-PP composite, and this value was 1461.7 MPa.
The Young’s modulus of the composite formed by
adding 30% M is 63% higher than the Young’s
modulus of pure PP. The reason for the increase in
the Young’s modulus with the addition of mica is
that the stiffness of the M particles is higher than that
of the PP matrix [23]. The changes in the Young’s
modulus of PP and PP-M-CNT composites are
shown in Figure 6. Compared to Young’s modulus
of the 20M-PP composite, Young’s modulus of
hybrid composites with CNT added increased,
except for the composite with the PP20M-1CNT
ratio. The reason for this is thought to be that PP has
a lower Young’s modulus than CNT. Variations in
the flexural strength and flexural modulus of PP and
M-PP composites are shown in Figure 7. Figure 8
illustrates changes in the flexural strength and
flexural modulus of PP, PP-20M and PP-M-CNT
composites.
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Figure 7. Variations in flexural strength and flexural
modulus of M-PP composites.

The flexural strength of PP is 35.3 MPa. An increase
in the flexural strength of PP was observed by adding
10% M particles to PP. The reason for this increase
is the more homogeneous distribution of mica added
to PP at low rates [24]. As the more M ratio added to
PP increased, a decrease in flexural strength was
detected compared to 10M-PP. Incorporating high
amounts of M particles into PP may prevent the
homogeneous mixing of mica in the PP and cause
agglomeration. Additionally, the flexural strength of
the composites may have decreased due to the
irregularly shaped M particles not supporting the
stresses transferred from the matrix [24]. The
flexural strength of the PP-20M-1CNT hybrid
composite is highest among the hybrid composites.
The PP-20M-1CNT composite has a flexural
strength of 40.5 MPa, which is 11.32% higher than
the flexural strength of 20M-PP. A more
homogenous distribution or less agglomeration may
have resulted from the addition of 1% CNT to 20M-
PP. Flexural strength was reduced when more than
1% CNT was incorporated to 20M-PP. The main
reason for this may be that agglomerations occur
more often in polymers with high CNT ratios. The
flexural strength of PP-M-CNT hybrid composites,
on the other hand, is higher than that of 20M-PP and
pure PP. The flexural modulus of PP is 1042.6 MPa.
An increase in the flexural modulus was determined
with the addition of M particles into PP. 30M-PP
composite is the composite with the highest flexural
modulus and its flexural modulus was found to be
1597.5 MPa. The flexural modulus of 30M-PP
composite is 65% higher than the flexural modulus
of PP. The reason for this increase is that M particles
are more rigid than PP. The moduli of mineral
particles are much higher than those of the polymer
matrix [25]. When hard-structured filler materials
are introduced to thermoplastics, the flexural
modulus is expected to increase [26]. The addition
of CNT to the 20M-PP composite resulted in a
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Figure 8. Variations in flexural strength and flexural
modulus of M-PP-CNT composites.

reduction in the composite's flexural modulus.
Agglomerations in hybrid composites may have led
to a decrease in flexural modulus. Because the
agglomerations prevent the homogenous distribution
of the material in the composite and the load
distribution is not uniformly distributed [27].

3.4. Dynamic mechanics analysis (DMA)

Figures 9 and 10 indicate the storage modulus and
tan delta variations of PP, M-PP and PP-M-CNT
composites as a function of temperature. The storage
modulus of PP is lower than the storage modulus
values of M-PP composites. The storage modulus of
M-PP composites increased as the M ratio added to
PP increased. The 30M-PP composite had the
highest storage modulus among M-PP composites.
The storage modulus of the 30M-PP composite is
63.50% higher than that of PP at 35°C. This is
because PP has a lower mechanical strength than
mica [28]. Furthermore, Figure 9 shows that the
storage modulus of all M-PP composites decreases
as temperature increases. As seen in Figure 10, the
storage modulus of all hybrid composites reduces as
temperature rises. The decrease in storage modulus
with increasing temperatures is due to the beginning
of the relaxation process in the polymer, softening of
the materials, and an increase in the molecular
mobility of the polymer chains [29]. Figure 11 shows
Tan delta changes of PP and M-PP composites
depending on temperature, and no significant
increase was observed in the Tan delta peak values
of M-PP composites. Among M-PP composites,
10M-PP composite has the lowest Tan delta peak
value. Tan delta values for all hybrid composites are
shown in Figure 12. The tan delta peak height
decreased with the addition of CNTs due
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1800

—pP
—— PP20M

—— PP20M-1CNT
—— PP20M-3CNT
——— PP20M-5CNT
PP20M-7CNT

1600 +

1400

1200 +

1000

800

Storage Modulus (MPa)

600

400

200

0 T T T
20 40 60 80

T T T
100 120 140 160

Temperature (°C)

Figure 10: Variations in the storage modulus of PP,
20M-PP and PP-20M-CNT composites depending on
temperature.

to the inhibition of the movement of the interfacial
molecular chains [30]. The PP-20M-1CNT
composite has the lowest Tan delta value among PP-
M-CNT hybrid composites. Tan delta can be utilized
to collect information about the interface properties
formed between the reinforcing material and the
polymer matrix [31]. A considerably stronger
interface is defined by lower usage of energy and a
low tan delta peak intensity [32]. The tan delta
indicates energy dissipation of material, and a lower
tan delta peak suggests better interfacial bonding
between the CNTs and the matrix [33].

3.5. Electrical Resistance Measurement

The surface resistivity values of PP, M-PP, and PP-
M-CNT composites are shown in Figures 13 and 14.
Electrical conductivity is inversely proportional to
surface resistivity. It can be said that electrical
conductivity increases as electrical resistivity

1511
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Figure 11: Tan Delta changes of PP and M-PP
composites depending on temperature.
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Figure 12: Tan Delta changes of PP, 20M-PP and
hybrid composites depending on temperature.
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decreases [34]. The surface resistivity of pure PP
was found to be 1.00x10716. A slight change in
surface resistivity was observed with the addition of
mica particles to PP. The highest surface resistivity
value was determined in the 30M-PP composite, and
this value is 2.04 x10~16. This is two times higher
than the surface resistivity value of PP. The reason
for this increase is due to the acidic properties of

mica minerals [34].
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Figure 13: Variation in surface resistivity of PP and M-
PP composites
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One of the most important properties of CNTSs is its
high electrical conductivity [35]. When 1% CNT is
added to the PP matrix, the surface resistivity of PP
starts to reduce. As the CNT ratio added to PP
increased, the surface resistivity gradually
decreased. As a result, an increase in electrical
conductivity was observed. The PP20M-7CNT
hybrid composite had the lowest surface resistivity
among the hybrid composites, with an electrical
resistivity value of 8.80 x10~7. As the CNT content
increases, the electrical resistance in composites
decreases, and a conductive chain network begins to
form in composites containing CNT [36].
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1.60x10%

§ B0x10%!
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Figure 14: Variation in surface resistivity of 20M-PP and
its hybrid composites

3.4. Scanning Electron Microscope (SEM)
Observations

As seen in Figures 15 and 16, SEM images were
taken from the broken surfaces of the composite
samples because of the tensile test. It has been
observed that as the mica ratio in the composites
increases, the fracture behavior gradually changes
from ductility to brittleness. The reason why the
composite shows such fracture behavior with M may
be due to the brittle fracture due to the lamellar

Figure 15: SEM images oA)MPP, B) 10M-PP, C) 20M-
PP, D) 30M-PP composites

structure of mica. In M-PP composites, as the M
ratio increased, the particles agglomerated and
pulled out. The reason for this is thought to be that
as the mica value increases, the interface interaction
decreases. CNTs are difficult to separate from each
other in the polymer matrix due to their poor
dispersion, i.e. agglomerations [37]. As a result, as
the CNT ratio in the hybrid composites generated
increases, CNTs may form agglomerates and may
not be dispersed uniformly throughout the
composite. SEM examination clearly shows an
accumulation of nanotubes in groups in the
composite in Figure 16. CNT agglomerations can be
seen as particles ranging in size from 0.5 to 20 pm
[38]. As the CNT ratio increases, the size of these
visible particles (agglomerated CNTS) increases. In
hybrid composites with a lower CNT ratio, this size
is between 0.2 and 10 pm [39].

- ) T
Figure 16: SEM images of PP20M-1CNT, PP20M-
3CNT, PP20M-5CNT, PP20M-7CNT hybrid composites

5. Conclusion

PP matrix composites were produced using mica and
CNT, and the mechanical, thermal, and electrical
properties of the composites were examined. An
increase in the onset and maximum decomposition
temperatures of PP was observed with the addition
of M to PP. Among M-PP composites, the maximum
degradation temperature was seen in the 30M-PP
composite, and its value is 471.34 °C. By adding
CNT to the 20M-PP composite (except PP20M-
1CNT), an increase in the onset and maximum
decomposition temperatures was observed, and the
highest onset and maximum decomposition
temperatures were detected in the PP20M-7CNT
composite. The Young’s modulus of PP is 925.07
MPa. An increase in the Young’s modulus was
detected with the addition of M to the PP matrix. The
highest Young’s modulus value was seen in the
30M-PP composite, and this value was 1461.70
MPa. The Young’s modulus of the composite
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formed by adding 30% M is 58% higher than the
Young’s modulus of pure PP. Compared to the
Young’s modulus of the 20M-PP composite, the
Young’s modulus of hybrid composites with CNT
added increased, except for the composite with the
PP20M-1CNT ratio. The highest Young’s modulus
value was seen in the 20M-PP-7CNT composite, and
this value was 1503.63 MPa. The Young’s modulus
of the 20M-PP-7CNT composite formed by adding
20%M and 7% CNT is 62.54% higher than the
Young’s modulus of pure PP. The storage modulus
of M-PP composites increased as the M ratio added
to PP increased. The 30M-PP composite had the
highest storage modulus among M-PP composites.
The storage modulus of the 30M-PP composite is
63.50% higher than that of PP at 35°C. The storage
modulus of the PP-20M-3CNT composite is 44.07
% and 21.18% higher than that of PP and 20M-PP at
35°C, respectively. With the addition of M to PP, a
slight change was observed in its electrical
resistivity. A significant decrease was observed in
the electrical resistivity values of the hybrid
composites created by CNT on the 20M-PP
composite. The lowest electrical resistivity value
was examined in the PP20M-7CNT composite, and
its value is 8.80 x10~7.
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