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a b s t r a c t

This paper proposes the development of isotactic polypropylene (iPP) nanocomposites
with magnetic carbon-based hybrid fillers, which contain magnetite, by melt mixing at
190 �C. The carbon-based fillers such as carbon nanotubes (CNTs) were synthesized via
chemical vapor deposition (CVD), using ferrocene as catalyst and precursor synthesis,
and using silica (SiO2) or thermally reduced graphene oxide (TrGO) as support, obtaining
SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanostructures, respectively. Mechanical,
electrical and magnetic behaviors of the iPP nanocomposites with magnetic CNTs were
evaluated; their performance against iPP composites with commercial CNTs was com-
pared. The results show that the electrical conductivity of the iPP nanocomposites is not
affected by the presence of magnetite, reaching a percolation threshold similar to that
obtained in iPP nanocomposites with commercial CNTs. Likewise, the presence of CNTs
with magnetic particles changes the diamagnetic nature of the polymeric matrix,
transforming it into a ferromagnetic composite at low filler concentrations (2 wt.%).

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In the recent decades, the development of polymer nanocomposites by incorporating particles of nanometric sizes to
polymeric matrices has given rise to multifunctional materials with high mechanical, electrical, barrier, and thermal prop-
erties, among others, which can be used in various fields ranging from electronics to aerospace industry [1,2]. The final prop-
erties of the nanocomposites are strongly affected by the type (organic and inorganic natural or synthetic) of nanoparticles
used as filler so the choice of these plays a key role in enhancing properties. Carbon nanotubes (CNTs) have been considered
as unique reinforcing the development of different polymer composites due to their outstanding properties such as high
electrical conductivity (�106 S/m), high mechanical strength (�50 GPa) and low density, making them useful in a wide range
of industrial applications [3,4].

Recently, polymeric nanocomposites with magnetic properties have attracted great interest both for the scientific value of
understanding their properties and also for their numerous applications. Examples of highlighted magnetic polymer
nanocomposites can be found in the areas of development of sensors and transducers, electronic devices, magnetic storage,
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electromagnetic and microwave absorption, magnetic actuators, environmental remediation and treatment of diseases
[5–8]. For these applications it has been reported a wide variety of polymer composites using as magnetic nanoparticles
as filler such as iron-based compounds, cobalt and nickel particles [9–15].

Developments of polymeric composites with carbon-based fillers (either graphene or CNTs) decorated with magnetic par-
ticles, such as magnetite and other compounds, permit the use of the properties of these structures and impart magnetic
properties to the matrix. A disadvantage of these methods is that a pre-functionalization of carbon-based structures is
required to add the magnetic particles on the surface of these, becoming the more expensive and complex processes
[8,16–18]. It is well know that ferrocene (Fe(C5H5)2) is an organometallic compound consisting of two cyclopentadienyl rings
bonded by an iron atom used to produce magnetic particles [19,20], magnetic polymer nanocomposites [21–23], and as an
alternative to produce feasible CNTs-magnetic particles because of its ability to serve as both catalyst and precursor of the
CNT synthesis as reported in previous studies [24–26].

The present work aims to develop magnetic isotactic polypropylene (iPP) nanocomposites with carbon-based hybrid
nanostructures synthesized from ferrocene, through the technique of chemical vapor deposition (CVD) at low temperature
(750 �C), and using nanoparticles (high surface area) of silica (SiO2) or thermally reduced graphene oxide (TrGO) as support
material. According to previous studies [24,25], the surface area of the support material plays a fundamental role in the
nucleation and growth of CNTs, being the reason for our choice of TrGO. This method allows obtaining magnetic particles
of magnetite (Fe3O4) incorporated in the structure of the CNTs. The aim is to observe how the presence of these magnetic
particles affects mechanical and electrical properties of polymeric nanocomposites, comparing their performance against
iPP nanocomposites with commercial carbon nanotubes (CNTCom), which have no magnetic nanoparticles in its structure.
2. Experimental section

2.1. Materials

A commercial grade isotactic polypropylene from Petroquim S.A. (Chile) (PP2621) with a melt flow rate of 26 g/10 min
(2.16 kg/230 �C) (Norm ASTM D-1238/95), Mw = 195 kg/mol, Mn = 71 kg/mol, PDI = 2.7 and melting point of 160 �C was used
as matrix. Nanopowder silica (Aerosil 200) of high surface area (�200 m2/g) provided by Evonik Industries [24,25], and ther-
mally reduced graphene oxide (TrGO) with surface area of �261 m2/g synthesized according to Ref. [27], were used as sup-
port material. As catalyst and precursor in the synthesis of the CNTs, ferrocene (98 wt.% Fe(C5H5)2) supplied by Sigma Aldrich
was used. The commercial multiwalled carbon nanotubes (CNTCom) were obtained from Bayer Material Science AG
(Germany) (Baytubes C150P). Based on the datasheet information provided by Bayer, they are characterized by a purity
higher than 95 wt.%, number of walls between 2 and 15, an outer mean diameter of 13–16 nm, an inner mean diameter
of 4 nm, length between 1 and >10 lm. Irganox 1010 was used as antioxidant agent during the composite preparation.
2.2. Synthesis of carbon nanotubes (CNTs)

The SiO2/CNTMagnetite or TrGO/CNTMagnetite hybrid nanostructures were synthesized in a CVD apparatus, composed basi-
cally of a 30 mm inner diameter quartz glass tube placed into a cylindrical furnace that can slide along the tube [24,25].
Highly pure helium gas was pumped into the tube reactor at 300 sccm (5 ⁄ 10�6 m3/s) when SiO2 was used, and 200 sccm
(3.33 ⁄ 10�6 m3/s) when TrGO was used. The SiO2 (or TrGO) nanopowder was used as substrate for the nucleation and
growth of CNTs. Ferrocene was used as iron and carbon precursor. The synthesis temperature was 750 �C with a ramp up
ratio of 30 �C/min. The employed dwell time was 2 min.

For the synthesis of SiO2/CNTMagnetite or TrGO/CNTMagnetite hybrid nanoparticles, 0.1 g of ferrocene is placed inside a
smaller quartz tube that acts as a crucible. Half of this crucible is placed outside and half inside the furnace. The part of
the crucible outside the furnace is where the ferrocene is placed, and �0.002 or �0.005 g of SiO2 or TrGO, respectively,
are placed at the half of the crucible inside the furnace. The temperature is set to increase until it reaches the temperature
required. Subsequently, the oven is heated at 30 �C/min rate and once the required temperature is reached, the furnace slides
over the ferrocene powder, which undergoes pyrolysis with nucleation and growth of CNTs occurring in a couple of minutes,
similarly to that reported in previous studies [24,25].
2.3. Melt compounding

The composites were prepared using a Brabender Plasticorder (Brabender, Germany) internal mixer at 190 �C and a speed
of 110 rpm. Approximately 30 g per mixing was produced, containing iPP, filler (CNTCom, SiO2/CNTMagnetite or
TrGO/CNTMagnetite), and a small spoonful (�0.005 g) of Irganox 1010 as antioxidant. Filler content ranges from 0 to 10 wt.
% for CNTCom, from 0 to 6 wt.% for SiO2/CNTMagnetite, and was constant in 2 wt.% for TrGO/CNTMagnetite. First, iPP was mixed
with antioxidant and subsequently half amount of the polymer (�13 g) was added to the mixer operated at 110 rpm. After
2 min the polymer is melted and the filler was added for 3 min. Finally, the rest of the polymer pellets were added and the
speed of the mixer was held at 110 rpm for 10 min. Therefore, the total mixing time was around 15 min.
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2.4. Characterization

X-ray diffraction (XRD) analysis was performed on a Siemens D-5000 diffractometer with scintillation detector diffraction
system and Bragg–Brentano geometry operating with a Cu Ka1 radiation source filtered with a graphite monochromator
(k = 1.5406 Å) at 40 kV and 30 mA in the 2h range of 2–80� at the scan rate of 0.02�/s. The synthesized nanoparticles were
evaluated regarding its structure with a Raman spectroscope, model Renishaw inVia Spectrometer System. The experiments
were performed at room temperature, at a range of 0–3100 cm�1 using a laser of 514 nm. The morphology of nanoparticles
was analyzed using a scanning electron microscope (SEM, FEI Inspect F50). The morphology and microstructure of the
nanoparticles were determined by transmission electron microscopy (TEM) in a Tecnai ST F20 FEG-S/TEM operated at
200 kV, equipped with an Energy Dispersive X-ray analysis system (EDS).

Magnetic characterization of nanoparticles and nanocomposites was performed through a EZ9 MicroSense vibrating sam-
ple magnetometer (VSM) at room temperature with the magnetic field (H) ranging between �2.0 kOe and +2.0 kOe. Young’s
modulus and elongation at break of nanocomposites were tested on a HP model D-500 dynamometer according to ASTM
D638-10 at �25 �C. For these tests, samples bone type with length overall of 120 mm, distance between grips of 80 mm,
width of narrow section of 11.5 mm and thickness of 1 mmwere tested at a rate of 50 mm/min at room temperature. Results
are the average values out of five measurements (typical deviation ca. 5%). For the electric resistivity, a megohmmeter
(Megger BM11) with a highest voltage of 1200 V was used. With this set-up, the standard two-points method was used.
For each electrical value displayed in this contribution, at least four samples were prepared and four measurements for each
one were carried out. In general, differences around one order of magnitude were detected in the non- percolated samples
having low conductivity values (�10�9 S/cm). For percolated samples, otherwise the experimental error for conductivities
was less than 50%. For these tests, samples of 40 � 16 mm2 and a thickness of 2 mm were used.

3. Results and discussions

3.1. Carbon-based hybrid nanoparticles

Different carbon-based hybrid nanoparticles such as SiO2/CNTMagnetite and TrGO/CNTMagnetite were synthetized by CVD at
low temperature, by using SiO2 and TrGO as support, respectively.

3.1.1. Evaluation of the composition and morphology of CNTs
The X-ray diffraction (XRD) allows to determine the chemical composition of the synthesized nanoparticles. Fig. 1

(a) and (b) shows XRD patterns of the particles produced by using SiO2 and TrGO, respectively as support for CNTs synthesis
by thermal degradation of ferrocene. Diffraction patterns of the SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles
were very similar for both cases. Characteristic diffraction peaks of Fe3O4 related with (220), (311), (400), (511) and (44 0)
planes, emerge from the hybrid particles, which correspond to the cubic phase of Fe3O4 with a face-centered cubic (fcc)
structure of magnetite (JCPDS card No. 00-019-0629), with a lattice parameter of a = 8.396 Å [28–31]. Additionally, Fig. 1
(a) and (b) shows the characteristic diffraction peaks of Fe, (110) and (200), which correspond to the body-centered cubic
(bcc) structure of Iron (JCPDS card No. 00-006-0696), and diffraction peaks associated with graphite, (002) which correspond
to the hexagonal structure of Graphite-2H (JCPDS card No. 00-041-1487) was further observed confirming that under the
reaction conditions the CNTs were formed [24,25,32], because the SiO2 and TrGO used as support do not have characteristic
peaks.

The formation of magnetite (Fe3O4) is due to the groups oxygenates (hydroxyl, epoxide, carboxyl and carbonyl functional
groups) present in the TrGO [33], and the hydrophilic nature of the silica used as supports. The silica comes usually from
synthesis through the sol/gel method, which uses an aqueous solvent for the production, causing the silica possesses silanol
Fig. 1. XRD patterns of the (a) SiO2/CNTMagnetite and (b) TrGO/CNTMagnetite hybrid nanoparticles.
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(either free or neighborhood) or geminal groups in its structure. These groups make the silica has a hydrophilic nature, and
therefore may have traces of humidity [34,35]. Thus, Fe2+ ions from the decomposition of ferrocene can attach to the groups
oxygenates present in the SiO2 and TrGO, through the thermal treatment to produce Fe3O4 on the surface of the substrate
[9,36–39].

Fig. 2 shows the Raman spectra obtained for different CNTs synthesized from ferrocene using SiO2 or TrGO as substrate. In
both cases the presence of multiwall carbon nanotubes was evidenced, as in the high frequency spectrum the two charac-
teristic bands of CNTs were obtained. One of these bands indicates the peak of the graphite (called band G) close to the
�1600 cm�1, and the other band (band D) is associated with defects and disorder of the structure, around�1380 cm�1. Addi-
tionally a band called G0 at �2650 cm�1, characteristic for carbon compounds of sp2 hybridized was evidenced, ensuring the
presence of CNTs. In the low-frequency spectrum (between 100 and 300 cm�1), there is a second characteristic region for
CNTs, called radial breathing mode (RBM) which is visible to those CNTs having diameters less than 2 nm. In our case, how-
ever, there were not evidenced peaks in this region of the spectrum, since the average diameter of the nanoparticles was
higher than the limit set, so there is only MWCNT after synthesis [24,40].

The SEM and TEM images shown in Fig. 3 confirmed the presence of CNTs. The images obtained for CNTs on silica (Fig. 3
(a)) and TrGO (Fig. 3(b)) show that the nanotubes possess an average diameter of 20–40 nm, proportional to the size of the
magnetite nanoparticles (�40 nm for SiO2 and �20 nm for TrGO), which was confirmed by the TEM images for the SiO2/
CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles in Fig. 3(c) and (d), respectively. According to the results shown
by the Raman spectroscopy, and SEM and TEM images, the nucleation and growth of CNTs occurred on the substrate, forming
entanglements of these. Noteworthy is the presence of magnetic nanoparticles inside CNTs, and decorating both the surface
CNTs as surface TrGO sheets as indicated by the black arrows (Fig. 3(c) and (d)). A possible explanation for the mechanism of
growth of CNTs on TrGO sheets is related to the widely-accepted ‘‘tip-growth model” [41]. Our observations confirm the find-
ings of other authors (via ferrocene pyrolysis) [42–46], that the remaining metal catalyst nanoparticles are concentrated
within and the top of CNTs, which is a clear illustration of the proposed growth mechanism.
3.1.2. Magnetic response of carbon-based hybrid nanoparticles
The magnetic properties of SiO2/CNTMagnetite and TrGO/CNTMagnetite 3D hybrid nanoparticles are investigated through the

magnetization (M) versus magnetic field (H) analysis using a vibrating sample magnetometer at room temperature. As seen
in Fig. 4, the system presents hysteresis loops with coercivity of 550 ± 5 and 215 ± 5 Oe for SiO2/CNTMagnetite and TrGO/
CNTMagnetite, respectively. These parameters and the shape of the loops indicate that the samples represent two magnetic
behaviors. The SiO2/CNTMagnetite nanoparticles (Fig. 4(a)) show a ferromagnetic behavior while the TrGO/CNTMagnetite

nanoparticles (Fig. 4(b)) present a mixture of both ferromagnetic and superparamagnetic characteristics. The difference in
the coercivity values presented by our SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles is, most probably, due
to the small size of the magnetic nanoparticles (see Fig. 3(a)) as also reported by other investigators [10,47], given that when
TrGO is used as a substrate, there is a large surface area where iron can be deposited, resulting in a nucleation on greater
number of small nanoparticles.

The values of the saturation magnetization (Ms) of pure Fe3O4 reported in the literature vary between 49 and 84.5 emu/g
[9,28,32,48–50], while that estimated for our SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles is 40 ± 1 emu/g,
i.e., a value smaller than that of pure Fe3O4, possibly attributed to the nanoscale size of the Fe3O4 nanoparticles [9].
3.2. Polymeric nanocomposites with carbon-based hybrid nanoparticles

Different types of CNTs (CNTCom, SiO2/CNTMagnetite and TrGO/CNTMagnetite) were used as filler to determine whether the
characteristics of these affect the mechanical, electrical and magnetic behavior of nanocomposites prepared.
Fig. 2. Raman spectra obtained for SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles.



Fig. 3. SEM images of (a) SiO2/CNTMagnetite and (b) TrGO/CNTMagnetite, TEM images of (c) SiO2/CNTMagnetite and (d) TrGO/CNTMagnetite hybrid nanoparticles.

Fig. 4. Magnetization hysteresis cycles for (a) SiO2/CNTMagnetite and (b) TrGO/CNTMagnetite hybrid nanoparticles.
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3.2.1. Mechanical behavior of nanocomposites
The results of the effect of adding CNTs (CNTCom and SiO2/CNTMagnetite) on the Young’s modulus and strain at break are

shown in Fig. 5. It was observed that increasing the filler concentration there was an increase in the elastic module up to
10% (�230 MPa) with CNTCom and 7% (�170 MPa) with SiO2/CNTMagnetite using 6 wt.% of filler (Fig. 5(a)), reflecting increased
material stiffness, product of transfer load from the matrix to filler [51]. Similar tendency was reported by Sengupta et al.
[52] and Steurer et al. [33] by using carbon-based fillers.

The results showed that by increasing the CNTs concentration there is a decrease in elongation at break (Fig. 5(b)) of up to
�80% and �50% with 6 wt.% of CNTCom and SiO2/CNTMagnetite, respectively. This phenomenon is due to nanoparticles strongly
restrict movement of the polymer chains when they are under stress, preventing the chains may be long upon, thus reducing
the elongation of the composite [51,53]. Discrepancies in properties described above can result from the dimensions of the



Fig. 5. Variation in (a) Young’s modulus and (b) Elongation at break with the increase in the concentration of carbon-based filler.
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CNTs used. The CNTCom have an average diameter of �13 nm and SiO2/CNTMagnetite synthesized from ferrocene has a diam-
eter of �40 nm. The smaller diameter of CNTCom contributes to stronger particle–matrix interface, and consequently, to a
better charge transfer between the polymer and the filler thus achieving improved mechanical properties. Additionally,
for a constant fraction of filler there exists as much CNTCom that SiO2/CNTMagnetite in the continuous phase, so the mobility
of the polymer chains is smaller than in the case of the fillers synthesized from ferrocene, limiting the elongation of the final
nanocomposite, such as presented in the study by Ayatollahi et al. [54]. The iPP composites with 2 wt.% of TrGO/CNTMagnetite

showed a Young’s modulus of �1600 MPa and a decrease in the elongation at break of �43%, values similar to those obtained
with iPP composites with SiO2/CNTMagnetite to the same filler concentration. Noteworthy is the highest Young’s modulus
achieved in the iPP nanocomposites with CNTs synthesized from ferrocene, compromising lesser degree elongation at break
compared with iPP composites with CNTCom at similar filler concentrations.
3.2.2. Electrical behavior of nanocomposites
Fig. 6 shows the variation in electrical conductivity of nanocomposites with the increase of the content of CNTs (of com-

mercial origin and synthesized from ferrocene using SiO2 as support), leading to the conclusion that the percolation thresh-
old was independent of the type of filler used. The composites showed that, at concentrations above 2 wt.% of filler, the
conductivity increased dramatically changing the conductive nature from insulating to semiconductor material. This
increase in conductivity is due to the presence of continuous conduction pathways (percolated network) consisting of elec-
trically conductive fillers (CNTs), by which the electrons travel along the polymer matrix [55]. Our results of conductivity for
iPP composites with CNTs are very similar to those reported in other studies where the percolation threshold is below 5 wt.%
of CNTs and the electrical conductivity is around 10�3 S/m [56–60].

As shown in Fig. 6, the electric conductivity curve of the iPP composites with CNTCom overlaps with the curve obtained for
the iPP composites with SiO2/CNTMagnetite. This was confirmed by analyzing the percolation threshold deducted according to
classical percolation theory [55], where it was shown that the percolation threshold for iPP nanocomposites with CNTCom
Fig. 6. Effect of carbon-based fillers on the electrical conductivity of isotactic polypropylene composites.



Fig. 7. Magnetic hysteresis cycles for iPP composites with (a) SiO2/CNTMagnetite and (b) TrGO/CNTMagnetite hybrid nanoparticles.

Table 1
Magnetic parameters of the prepared nanocomposites.

Material Coercitivity (Oe) Saturation magnetization (Ms) (emu/g) Remnant magnetization (Mr) (emu/g)

SiO2/CNTMagnetite 500 39 12
iPP + 2 wt.% of SiO2/CNTMagnetite 500 0.6 0.2
iPP + 4 wt.% of SiO2/CNTMagnetite 550 1.6 0.5
iPP + 6 wt.% of SiO2/CNTMagnetite 530 2.7 0.9

TrGO/CNTMagnetite 215 39 5.5
iPP + 2 wt.% of TrGO/CNTMagnetite 250 0.8 0.1
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was very similar to that obtained for the case with SiO2/CNTMagnetite as filler, reaching �2.6 wt.% and �2.8 wt.%, respectively.
On the other hand, iPP composites with 2 wt.% of TrGO/CNTMagnetite had a conductivity in the range of �10�9 S/m very similar
to that achieved in the iPP nanocomposites with CNTCom or SiO2/CNTMagnetite to Similar concentrations, which was consistent
with the values achieved in previous studies, both binary iPP composites and hybrids iPP composites with carbon-based
nanofillers [27,56]. For this reason, the use of CNTs with magnetic particles (SiO2/CNTMagnetite and TrGO/CNTMagnetite) does
not affect the performance of the electrical conductivity of the final nanocomposite, reaching conductivity values very close
to those obtained using CNTCom with a similar concentration.

3.2.3. Magnetic response of nanocomposites
The curves of the magnetic response of the polymer matrix and their nanocomposites with SiO2/CNTMagnetite and TrGO/

CNTMagnetite when subjected to an inductive field are shown in Fig. 7. It can be seen when the iPP matrix was subjected to a
positive magnetic field, there is a negative magnetization response, causing the material was repelled by the inductor field.
This behavior is typically presented by diamagnetic materials where the magnetic susceptibility: due to the absence of
unpaired electrons in their outer structure, there is no net magnetic moments, thereby inducing a magnetic dipole in the
opposite field direction [47].

On the other hand, Fig. 7(a) and (b) shows that iPP nanocomposites with different CNTs (synthetized from ferrocene) pre-
sented a different behavior from the neat iPP matrix. The diamagnetic nature of the iPP matrix at low concentrations (2 wt.%)
of SiO2/CNTMagnetite and TrGO/CNTMagnetite hybrid nanoparticles is modified, which become ferromagnetic ones. These
nanocomposites, when subjected to a magnetic field, show a hysteresis response, i.e., they have variable susceptibility, also
greater than zero. As noted above, this behavior is due to the presence of iron-based compounds with unpaired electrons in
the d orbitals of the structure that engage with unpaired electrons from similar orbitals of neighboring atoms, thereby caus-
ing a magnetic dipole in the same direction of the induction field [47].

From the hysteresis curves plotted in Fig. 7 it is possible to obtain the most representative magnetic parameters of a fer-
romagnetic material, these are summarized in Table 1.

Was noted that the Ms and remnant magnetization (Mr) are parameters that depend on the amount of magnetic material
in the nanocomposite, since increasing the filler content from 2 to 6 wt.% of SiO2/CNTMagnetite there was an increase of more
than twice the values of Ms and Mr with a tendency to approach the values obtained by the synthesized nanoparticles. This
behavior has been reported by several authors [17,18,61], the explanation being that, with increasing concentration of filler,
there will be a greater number of atoms with unpaired electrons in the d orbitals, facilitating coupling of electrons and gen-
erating a larger amount of magnetic dipoles in field direction, thereby increasing the saturation magnetization and remnant
magnetization of the composite. Moreover, in Table 1 it can be seen that the values of coercivity for iPP nanocomposites with
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SiO2/CNTMagnetite were between �500 and �550 Oe, remaining practically constant from one compound to another. This can
be attributed to the fact that the coercivity depends on the size of the magnetic particle that is magnetizing [47,62], and not
on the concentration of magnetic phase; having in each case the same size distribution, greater differences in this property
were not observed.

On the other hand, nanocomposites with TrGO/CNTMagnetite show a coercivity of �250 Oe, close to the value reached by
the synthesized nanoparticles (�215 Oe), and a value of Ms (�0.8 emu/g) similar to that achieved by iPP nanocomposites
with a concentration of 2 wt.% of CNTs synthesized using SiO2 as support.
4. Conclusions

This paper presented a route to develop magnetic polymeric nanocomposites by melt mixing of isotactic polypropylene
(iPP) with CNTs synthesized from ferrocene (used as catalyst and precursor synthesis) and SiO2 or TrGO as support materials,
avoiding previously functionalized nanoparticles to the magnetic particles is incorporated. The CNTs multiwall were
obtained with doped magnetite and metallic iron, which showed a saturation magnetization of �39 emu/g and a coercivity
which varied between �215 and �500 Oe according the substrate used. The incorporation of SiO2/CNTMagnetite (or TrGO/
CNTMagnetite) hybrid nanoparticles to iPP matrix modified the diamagnetic nature of neat polymer, becoming the nanocom-
posite a ferromagnetic material with only 2 wt.% of filler. The electrical behavior of the iPP nanocomposite with SiO2/CNTMag-

netite (or TrGO/CNTMagnetite) were similar to the performance presented by iPP nanocomposites with CNTCom, so the
incorporation of magnetic nanoparticles in carbon-based filler does not affect the performance of this property. However,
the mechanical behavior of the iPP composites depends on the type of carbon-based filler used, since a high Young’s modulus
in the iPP nanocomposites with CNTs synthesized from ferrocene was achieved, compromising lesser degree elongation at
break compared with iPP composites with CNTCom at similar filler concentrations.
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