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Muhammad Nisar,! Maria da Graca Sebag Bernd,? Luiz C. P. da Silva Filho,? Julian Geshev,®

Nara R. de Souza Basso,* Griselda Barrera Galland

LInstituto de Quimica, Universidade Federal do Rio Grande do Sul, Avenue Bento Goncalves 9500 91501-970, Porto Alegre Rio
Grande do Sul, Brazil

2Laboratério de Ensaios e Modelos Estruturais, Escola de Engenharia Civil, Universidade Federal do Rio Grande do Sul, Avenue
Bento Gongalves 9500 91501-970, Porto Alegre Rio Grande do Sul, Brazil

S|nstituto de Fisica, Universidade Federal do Rio Grande do Sul, Avenue Bento Gongalves 9500 91501-970, Porto Alegre Rio
Grande do Sul, Brazil

“Faculdade de Quimica, Pontificia Universidade Catdlica do Rio Grande do Sul, Avenue Ipiranga 6681 90619-900, Porto Alegre
Rio Grande do Sul, Brazil

Correspondence to: G. B. Galland (Email: griselda.barrera@ufrgs.br)

ABSTRACT: The magnetic and conducting properties of polypropylene (PP)-reduced graphene oxide (rGO)-carbon nanotube with
iron (CNT-Fe) nanocomposites prepared by melt mixing were studied. CNT-Fes were synthesized by the pyrolysis of sawdust, and
rGO was produced from graphite flakes. The combination of these two materials was used to produce magnetic and conducting
properties in a diamagnetic and insulating PP matrix with the addition of a small amount of filler. A constant and minute amount of
CNT-Fes was sufficient to introduce magnetic characteristics to the PP matrix. A variable amount of rGO was used, and the percola-
tion threshold was achieved with the use of only 2.1 wt % rGO. All samples reached magnetic saturation at about 4.2 kOe, with an
identical coercivity of 150 Oe and a normalized remnant magnetization of 0.14. Thermogravimetric and differential scanning calorim-
etry analyses showed enhancements in the maximum degradation temperature, melting temperature, crystallization temperature, and
crystallinity. The nanocomposites showed better mechanical and barrier properties than the neat polymer. The novelty of this study
was the use of a filler derived from waste combined with rGO to obtain a thermoplastic nanocomposite with both magnetic and con-
ducting properties at room temperature. © 2018 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2018, 135, 46820.
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and thermal properties, high flexibility, and low mass density of
the CNTs make them exceptional candidates to replace the usual

. . . .. nanofillers in a variety of fields.””'* The various techniques used
retardancy, mechanical properties, electrical conductivity, mag- . . . .
. . . . . to produce CNTs include electric arc discharge, laser ablation,
netic properties, and/or chemical resistance, depending on the

. T d chemical deposition (CVD)."> Th f CVD tech-
type of filler used, have shown increasing scientific significance.'™ and chemical vapor deposition : cuweo e

. . . . . niques is considered the most suitable method for large-scale
There have been incredible enrichments in the properties of poly- .14 . 15,16
. . . . CNT production. ™ More recently, Filho and coworkers ”'” have
mers with the incorporation of minute amounts of fillers, for

developed a low-cost CVD method for the production of CNTs
with the pyrolysis of waste wood sawdust as a carbon source.
The process is important because it also creates an environmen-
tal demand because it also produces hydrogen. Wood sawdust

INTRODUCTION

Polymer nanocomposites with advanced thermal stability, flame

instance, carbon nanotubes (CNTs), exfoliated nanosilicate layers,
and graphite nanoplatelets. However, a well-built interfacial adhe-
sion within the polymer matrix and the nanosized filler and also a
uniform dispersion of the filler in the polymer matrix are neces-

sary for the efficient performance of these fillers.*

CNTs were first reported by Iijima in 1991.° In 1994, Ajayan
et al.® reported the first polymeric material with CN'Ts as nano-
fillers. The outstanding combination of mechanical, electrical,

© 2018 Wiley Periodicals, Inc.

ADVANCED 46820 (1 of 8)

SCIENCE NEWS

advancedsciencenews.com

was mixed with a reducing agent (commercial zinc), calcite
(bed material), and a catalyst {ferrocene [Fe(CsHs),] or Fe/Mo/
MgO} arranged in a column reactor and then heated to 750°C
for 3h without blowing air. The presence of iron in the CNTs
makes them suitable for magnetic applications.
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The discovery of graphene, a monolayer of sp>-hybridized car-
bon atoms, has attracted attention and spurred a new area of
research in polymer composites because of its tremendous ther-
mal, mechanical, and electrical properties.'” These properties
make graphene an excellent material for improving the proper-
ties of neat polymers.'® Common methods used to produce gra-
phene include CVD, CO reduction, and the exfoliation of
graphite. The latter method is considered a suitable technique
for the production of large quantities of graphene with afford-
able costs and is the one used to produce nanocomposites.'’

Polypropylene (PP) is commercially a very important polyolefin
because of its low cost; inertness toward acids, alkalis, and sol-
vents; high stiffness; and good tensile strength. However, it is
imperative that one enhance the properties of PP for advanced
applications.”® The mechanical properties of PP can be
improved by the incorporation of various fibers and fillers.
Recently, to improve the electrical conductivity, thermal con-
ductivity, and barrier properties, the production of PP-gra-
phene and PP-CNT nanocomposites have been reported.”'™>
Various methods have been used to produce nanocomposites:
solution mixing,** in situ polymerization,” and melt blend-
ing.**° However, there are limitations of solution mixing in
the case of PP and polyethylene because these polymers are sol-
uble in solvents, such as xylene and trichlorobenzene, only
above 120°C; this can cause serious health risks.* In situ poly-
merization is not suitable for large-scale production. Melt mix-
ing is one of the most used techniques because of its simplicity,
high yield, fast production, easy operation, and the fact that it
does not need a hazardous solvent that could cause health
problems.”

Multifunctional magnetic polymer composites can be used in
various fields, such as in microwave absorbers, biomedicine,
magnetic recording materials, information technology, energy
storage devices, magnetic resonance imaging, magnetic sensors,
catalysis, drug delivery, telecommunications, and environmental
remediation.”®?'> Magnetic polymer nanocomposites can be
obtained by the introduction of a range of magnetic elements,
such as iron, nickel, and cobalt, in a diamagnetic polymer
matrix with different polymerization techniques.”* Although
iron is a conventionally used magnetic material,” the easy oxi-
dation of iron NPs is a hot topic of discussion when NPs are
used as fillers in polymer matrixes. NPs have a tendency to
agglomerate to decrease the energy related to their high surface
areas. The chemical stabilization of the magnetic constituent is
achieved by coating with silica or carbon to prevent aggrega-
tion.® The encapsulation of iron NPs in CNTs synthesized by
the CVD method, where Fe(CsHs), is used as a catalyst and
precursor of synthesis, is considered a suitable strategy.””’ > In
recent studies, we obtained polyethylene and PP—carbon nano-
tube with iron (CNT-Fe) nanocomposites with good magnetic
properties at room temperature using CNT-Fes synthesized
from Fe(CsHs), by CVD and in situ polymerization for the pro-
duction of nanocomposites.**~*2

In this study, we aimed to produce a dual-stimuli-responsive
material under electrical and magnetic fields (Hs) at room tem-
perature using reduced graphene oxide (rGO) to introduce a
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conductive network in the isolated PP matrix and CNT-Fe to
introduce the magnetic properties. The CNT-Fes were obtained
from sawdust via a process developed by Filho et al.'> PP-rGO-
CNT-Fe nanocomposites were fabricated with the melt-mixing
technique and commercial PP. These multifunctional materials
can be used in different industrial applications, including in
medical sensors, electronic devices, low-temperature heaters,
energy-storage devices, solar cells, magnetic recording materials,
magnetic sensors, and microwave absorbers, and in the aero-
space and automotive industries.** ™

EXPERIMENTAL

Commercially isotactic polypropylene (iPP; PP2621), provided
by Petroquim S. A. (Hualpén, Chile), was used as the polymer
matrix. iPP had the following characteristics: melt flow rate-
=26g/10min (2.16kg/230°C; Norm ASTM D 1238/95),
weight-average molecular weight = 195 kg/mol, number-average
molecular weight = 71 kg/mol, polydispersity index = 2.72, and
melting temperature (7,,) =160 °C. Irganox 1010 was used as
an antioxidant agent during the composite preparation.

CNT Synthesis

Sawdust from the furniture industry was gathered as a raw
material for the synthesis of the CNTs with a reported
method."”” Commercially available zinc served a reducing agent.
Fe(CsHs), was used as a catalyst for they synthesis. The method
of synthesis is elaborated in detail in refs. 15 and 16.

Graphene Oxide Synthesis and Thermal Reduction

A modified Staudenmaier method was used to synthesize gra-
phene oxide from flakes."”*® The graphite oxide was heated up
to 600°C for 3 s in an oven to obtain rGO under a normal
atmosphere in a closed quartz ampule. The amount of oxygen
calculated by elemental analysis was 27%. The complete charac-
terization of the rGO can be found in ref. 48.

Filler Composition

Three filler compositions (GCFe = rGO + CNT-Fe), GCFe; (2.0
wt %), GCFe, (2.6 wt %), and GCFes (3.1 wt %), were used.
These fillers were composed of a mixture of a constant amount
of CNT-Fes (1.0 wt %) and a variable amount of rGO (1.0, 1.6,
or 2.1 wt %, respectively).

Melt Compounding

For the preparation of the composites, a melt mixer (Brabender
Plasticorder, Diusburg, Germany), operating at 190°C at a
speed of 110rpm, was used. Calculated amounts of iPP and
rGO-CNT-Fes and a small amount (~0.005g) of Irganox 1010
as an antioxidant were used for mixing, with the total accumu-
lated amount being about 30g. The amount of filler was varied
from 0 to 3.1 wt %. The iPP was first mixed with the antioxi-
dant, and subsequently, half the amount of the polymer (~13g)
was added to the mixer, which was operated at 110 rpm. After
2 min, the filler was added to the melted polymer for 3 min. In
the last step, the rest of the polymer pellets were added, and the
speed of the mixer was kept constant at 110 rpm for 10 min.
The total mixing time was about 15 min.

J. APPL. POLYM. SCI. 2018, DOI: 10.1002/APP.46820


http://WILEYONLINELIBRARY.COM/APP

ARTICLE

Characterization

The thermal properties were measured with differential scanning
calorimetry (DSC) with a Perkin-Elmer differential calorimeter
(model DSC Q20). The temperature was increased from 0 to
180°C at 10°C/min then maintained at 180°C for 2min, and
cooled down to 40°C at 10°C/min. Finally, a DSC scan was
recorded at 10°C/min to determine T,,. The crystallinity (X,)
values were calculated from the enthalpy of fusion with 207 J/g
for 100% crystalline PP.**>°

Thermogravimetric analysis, performed with an SDT Q600 ther-
mal analyzer (Q20, TA Instruments, New Castle, DE), was used
to study the thermal stability of the nanocomposites with
respect to the neat polymer. The samples were scanned in the
range of 0 to 800 °C at a scanning rate of 20 °C/min.

The morphologies of the nanoparticles (CNT-Fe) and rGO were
investigated with scanning electron microscopy (SEM; JEOL
JSM 6500F) and transmission electron microscopy [TEM; JEOL
(JEM-2010, operating at 200kV)]. SEM (Phillips XL30, operat-
ing at 20kV) was used to examine the nanocomposites. The
samples were deposited on an aluminum stub and coated with
gold. The nanocomposites (iPP-rGO-CNT-Fe) were also ana-
lyzed with TEM (JEOL 1011, operating at 120kV). Ultrathin
films (~50nm thick) cut under cryogenic conditions with a
Leica Ultracut UCT microtome at —70 °C placed on a grid were
used to prepare the samples.

An HP model D-500 dynamometer at about 25°C was used to
measure the mechanical properties according to ASTMD638-10.
Five samples were tested for each weight percentage nanocom-
posite, and the results were the average value of these five meas-
urements. The bone-shaped samples had an overall length of
120mm with a distance between the two grips of 80 mm, a
width of 11.5mm, and a thickness of 1 mm at the crosshead. A
rate of 50 mm/min was tested.

A megohmmeter (Megger BM11) operating at a maximum volt-
age of 1200V was used to measure the electric resistivity. A
standard two-point method was used with this setup. For each
electrical value presented in this contribution, at least four sam-
ples were prepared, and four measurements were carried out for
each one. In general, differences of around one order of magni-
tude were detected in the nonpercolated samples with low con-
ductivity values (~10"7 S/cm). For the percolated samples, the
experimental error for the conductivities was less than 50%.
The samples prepared for this test were 40 X 15mm’ with a
thickness of 1 mm.

The oxygen permeability was measured with an L100-5000 per-
meability instrument manufactured in the United Kingdom
connected to a vacuum pump and a cooling and heating bath
to control the temperature. The tolerance in percentage to equi-
librium was 2, and the oxygen pressure was maintained at 5
bar. Three measurements were obtained for each sample, and
the results were the average of these three measurements.

The water contact angle (WCA) test was carried out with the
sessile drop method, where drops of 2 uL of deionized water at
room temperature was steadily deposited on the surface of the
neat PP matrix and its nanocomposites with a microsyringe.
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Table I. Thermal Properties of the PP-rGO—-CNT-Fe Nanocomposites

Filler Te Tm Xe Tonset Trmax
Sample (%)? (C) (°C) (%) (C) (°C)
PP 0 112 158 59 427 470
PP-CFeq 2.0 122 162 60 455 475
PP-GCFe»> 2.6 122 162 65 453 486
PP-GCFes 3.1 123 162 63 458 488

2Filler = GCFe =rGO + CNT-Fe.

The images were captured with drop shape analysis system
equipment (Kruss, DSA). Each measurement was repeated at
least five times at different positions. A digital video camera was
used to capture the images, which were analyzed by Surftens 3.0
software for contact angle measurements.

An EZ9MicroSense vibrating sample magnetometer was used at
room temperature with H cycled between —20 and 20 kOe to
investigate the magnetic properties of the nanocomposites.

RESULTS AND DISCUSSION

Thermal Analysis

Table I shows the DSC results of the neat PP and its nanocom-
posites. With the introduction of the filler, increases of 11°C
were observed in the crystallization temperature (T,); this dem-
onstrated that the filler acted as a nucleating agent. T,, increased
4°C, and X, also showed an increase of 6% compared to that of
the neat PP. This suggested that bigger or more perfect crystals
were formed.

The variation in the stability of the polymers with the incorpo-
ration of the rGO—CNT-Fes (CGFe) was determined with ther-
mogravimetric analysis. Table I gives the results of a number of
the nanocomposites with filler contents ranging from 0 to 3.1
wt %. The amount of filler was determined from the amount
added to the mixture and the polymer yield. As shown in Table
I, the initial degradation temperature (7T, and maximum
degradation temperature (T,.,) increased 31 and 18 °C, respec-
tively, as the filler concentration increased. The enhancement in
the thermal stability of the polymer was mostly attributed to
the formation and stabilization effect of the filler-bonded mac-
roradicals and filler barrier effect.’'

Morphologies of the Nanocomposites

Figure 1 gives the scanning electron micrographs of the frac-
tured surface of the neat PP and its nanocomposites with differ-
ent weight percentages of rtGO—CNT-Fes. The samples were first
cooled in liquid nitrogen and then broken without deformation.
SEM of the CNT-Fe and rGO nanoparticles are also shown. The
rGO-CNT-Fes seemed to be well distributed in the PP matrix,
where no agglomerates were observed. When the concentration
of the filler was increased, a more layered structure of the poly-
mer matrix appeared; this showed strong interactions between
the filler and the polymer matrix.

The TEM morphological evaluation of the nanocomposites was
carried out to determine the morphology and dispersion of the
filler in the polymer matrix. Figure 2 shows TEM images of the
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Figure 1. SEM images: (A) neat PP; PP-rGO-CNT-Fe nanocomposites with (B) 2.0, (C) 2.6, and (D) 3.1 wt % filler; (E) CNT-Fe; and (F) rGO.

CNT-Fes [Figure 2(a)], rGO [Figure 2(b)], and the PP-rGO-
CNT-Fe nanocomposites with 2 wt % filler [Figures 2(c—e)] and
3.1 wt % filler [Figures (f-h)]. It is clear from the micrographs
that the filler was uniformly distributed in the polymer matrix.
The polymer matrix seemed to be wrapped around the filler,
and no aggregation was observed. In Figure 2(e,h), an isolated
CNT was observed.

Mechanical Properties

Figure 3(a,b) demonstrates the effects of the filler on the Young’s
modulus and elongation at break. It is clear from the results that
with the incorporation of only 2.6% filler, an increase of about
13% (183 MPa) was observed; this reached a higher value of
about 22% (314 MPa) with the incorporation of 3.1% filler. This
enhancement in the modulus was attributed to the uniform

Figure 2. TEM CNT-Fe (bar=100nm); (B) rGO

images: (A)
(bar =100 nm); 2 wt % PP-rGO-CNT-Fe nanocomposites with bar = (C)
0.2pum, (D) 100nm, and (E) 100nm; and 3.1 wt % PP-rGO-CNT-Fe
nanocomposites with bar = (F) 0.2 um, (G) 100 nm, and (H) 100 nm.
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dispersion of the filler in the polymer matrix and an effective load
transfer from the filler to the matrix due to strong interfacial
adhesion.* The results show the improvement of the material’s
rigidity as a result of the filler loading.>® A similar enhancement
in the Young’s modulus was shown by Song et al* and Hunang
et al.”® for PP—graphene nanocomposites.

The results of the elongation at the break point measurement
are presented in Figure 3(b). We observed that with an increase
in the filler from 2.6 to 3.1%, decreases of 37 and 50%, respec-
tively, occurred in the elongation at break compared to that of
neat PP. A similar decreasing tendency in the elongation at
break for graphene-PP nanocomposites were reported by other
researchers.”>’

Electrical Conductivity

The transformation of PP, which is an insulating material, to a
semiconductor can broaden the industrial applications of this
polymer. The formation of a conductive network of a filler and
the transformation of an insulating material to a semiconductor
are achieved only when the amount of conductive filler is above
the electrical percolation threshold.”® Table II and Figure 4 show
the conductivities of the neat PP and PP-rGO-CNT-Fe nano-
composites. Table II also shows the electrical conductivity
results of the polyethylene—graphite nanocomposites from previ-
ous works. We observed that the PP and the nanocomposites
up to 2.6 wt % CGFe still remained insulating. A significant
drop in the electrical resistivity was observed as when the filler
amount was increased to 3.1 wt %. This indicated that the elec-
trical percolation threshold fell between 2.6 and 3.1 wt % and
the crosslinking network structure of naturally conductive rGO
was formed; this was the main source of conductivity in this
study. Li et al.”” reported electrical percolations between 8 and
12 wt % for PP-graphene nanoplatelet nanocomposites. The
amount we incorporated was almost three times lower than
theirs. This improved conductivity was attributed to the good
exfoliation of rGO.*®
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Figure 3. (A) Modulus and (B) elongation at break of the neat PP and PP-rGO-CNT-Fe nanocomposites.

In our recent work, with the same graphene obtaining
polyethylene-rGO—-CNT-Fe nanocomposites by in situ polymeri-
zation, we obtained a conductivity of 4.99 X 107® S/cm with
2.4% graphene; this was very similar to these results.*’ Previous
studies' showed that rGO was more exfoliated than graphite
nanosheets and had fewer graphene layers per sheet; when
graphite nanosheets were used to obtain polyethylene nanocom-
posites by in situ polymerization, conductivity was observed
only when a higher amount of filler (15.3 wt %) was used. The
differences in the type of graphite used had a remarkable influ-
ence on the conductivity of the composite materials obtained.

Oxygen Barrier Properties

The permeability of polymers to gases and liquids has been an
area of growing scientific interest for many years, as it is an
important property on the basis of which a material can be
evaluated for a range of industrial applications. Gas barrier
materials have potential for applications in the field of packag-
ing materials and electronic and medical applications.”® To

improve the barrier properties of plastic materials, two common
techniques are used: surface coating or the introduction of
nanoparticles to form nanocomposites, as we did in this
study.®® Table II and Figure 5 demonstrate the effect of the filler
percentage on the permeability to oxygen at 23 °C for the neat
PP films and their nanocomposites with thicknesses of about
0.25mm. We observed that with the addition of the filler, the
permeability decreased steadily up to 30% with the addition of
only 2 wt % filler and decreased to a higher value, about 50%,
with the incorporation of 3 wt % filler. Polymer permeability to
gases is normally influenced by two factors: an increase in X,
and the presence of a filler. iPP contains both crystalline and
amorphous regions; the gas permeability in the crystalline
region is considered negligible, and the permeation of the gas
takes place only in the amorphous region. As supported by our
DSC results, X, increased with the incorporation of the filler®'
because of the fact that the rGO and CNTs acted as nucleating
agents for the PE and PP matrix."®*"*' The nanocomposites
were considered a multiphase system in which the existence of

Table II. Contact Angle, Conductivity, and Oxygen Permeability Values of the PP-rGO-CNT-Fe Nanocomposites

Oxygen permeability

Sample rGO (wt %) CNT-Fe (wt %) WCA (9) Conductivity (Sfem) at 0% RH (mL/m® x 24 h)
PP 0.0 0.0 107.3+0.2 56x10°1t 52.0

PP-GCFe4® 1.0 1.0 107.4+0.3 83x107 1t 36.3

PP-GCFex? 1.6 1.0 111.5+0.2 7.5x10°1t 29.0

PP-GCFe3® 2.1 1.0 109.4+0.1 23x10°8 27.3

PE-GCFe® 2.4 0.46 = 499x10°° =

PErGO® 2.2 — — 85x10°8 —

PEGNS® 15.3 = = 1.6x10°7 =

RH, relative humidity; PE, Polyethylene; PErGO, Polyethylene/reduced graphene oxide; PEGNS, Polyethylene/graphite nanosheets

@Filler = GCFe =rGO + CNT-Fe.
®Data from ref. 41.
¢Data from ref. 19.
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Figure 4. Electrical conductivity of the neat PP and PP-rGO-CNT-Fe
nanocomposites. [Color figure can be viewed at wileyonlinelibrary.com]

different phases, crystalline, inorganic, and amorphous, caused
complex phenomena on the procedure of gas permeation. The
presence of the rGO-CNT-Fe filler introduced a more limited
path for the gas molecules to pass through the polymer. The
reduction in the penetrability was clear from the experimental
results and was due the existence of the more tortuous path,
apart from the crystalline region, which was comparatively less
permeable, as the gas molecules had to pass through the filler,
which was considered impermeable.®'

Contact Angle Study

For advanced applications of the composite materials, a knowl-
edge of the affinity toward water is an important parameter. To
be considered superhydrophobic, the surface has to exhibit high
WCAs (>150°).°% Table II shows the WCA results; with the
addition of the filler, a slight increase in the angle was observed.
This demonstrated an improvement in the hydrophobic nature
of the material.

110 -
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o
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Figure 5. Effect of the filler (wt %) on the permeability of the nanocompo-
sites toward oxygen. [Color figure can be viewed at wileyonlinelibrary.com]
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Figure 6. Low-field magnetization hysteresis loops traced at room temper-
ature for the PP-rGO-CNT-Fe nanocomposites with different filler con-
tents together with that traced on the powder. The solid line is a model
one obtained with the assumption that the system consisted of both ferro-
magnetic and SPM single-domain particles. The inset presents the whole-
field-range loops. [Color figure can be viewed at wileyonlinelibrary.com|]

Magnetic Properties

The normalized (to their respective saturation values) magneti-
zation hysteresis loops of the PP-rGO—CNT-Fe nanocomposites
and that of the powder (filler), traced at room temperature, are
shown in Figure 6. A diamagnetic correction was applied on
each measured curve. We also ensured that the magnitude of
the maximum H used was high enough to prevent minor loop
effects.”>"°® As shown, all of the loops were practically identical,
with a normalized remnant magnetization of 0.14 and a coer-
civity equal to 150 (*2) QOe. All of the curves were effectively
saturated above about 4.2 (#+0.1) kOe. We concluded that in
contrast to the other properties, the magnetic ones did not
change from those of the starting magnetic material when it
was used as a filler and introduced into the polymer matrix.

At sufficiently high temperatures, the magnetic moments of
very small particles are thermally agitated so they can rotate to
their equilibrium directions. Such particles are called superpara-
magnetic (SPM). Here, we considered that our samples con-
tained two magnetic phases: (1) noninteracting SPM particles
and (2) stable (interacting small and/or larger ferromagnetic)
grains, and we performed numerical simulations that allowed us
to estimate the average sizes (Ds) of the SPM particles by fitting
the experimental hysteresis loops with a method described else-
were.’”®® The solid line in Figure 6 was calculated with the
assumption of a system of randomly oriented, single-domain,
uniaxial anisotropy particles with a Gaussian distribution of the
SPM D of 3.8nm and a standard deviation equal to 1.8 nm.

CONCLUSIONS

Nanocomposites made from PP-rGO and CNT-Fes produced
from wood sawdust from the furniture industry were obtained.
The synthesized materials showed improvements in their ther-
mal stability and higher T.s than those of PP. Nanocomposites
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coercivity shown by the nanocomposites was a rather remark-
. . . 14. Mubarak, N. M.; Abdullah, E. C.; Jayakumar, N. S.; Sahu, J.
able result given that most research in this area has reported
. . 69 N. J. Ind. Eng. Chem. 2014, 20, 1186.
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