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The biggest challenge for the development of carbon nanotubes polymeric nanocomposites is in 
the suitable dispersion and distribution of the nanometric particles along the polymer matrix. Several 
preparation methods have been used to obtain nanocomposites, highlighting the mixture with polymer 
solution followed by solvent evaporation and the hot compacting. The first one has the advantage of 
allowing dispersion of the nanotubes in a low viscosity medium, while the second method is more 
environmental favorable due to reduced use of solvent. The aim of this work was to evaluate the influence 
of the preparation method on the electrical resistivity of PVC/carbon nanotubes nanocomposites, 
containing from 0.05 to 1.00%w of carbon nanotubes. The results showed a percolation threshold of 
0.4%w and 0.15%w of nanotubes for the polymer solution method and hot compacting, respectively, 
and an electrical resistivity reduction of eight and nine orders of magnitude, respectively, compared 
to pure PVC. The tensile strength of PVC/MWNT nanocomposites was not affected by the presence 
or content of carbon nanotubes compared to PVC without addition of nanoparticles, regardless of the 
material preparation method, however the deformation at beak was largely reduced.
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1. Introduction

Polymeric nanocomposites have attracted great interest 
in scientific community since the physical properties of the 
matrix polymer are significantly altered by the addition of 
nanoparticle amounts of less than 1% m1-7. Carbon nanotubes 
are tubular carbon nanoparticles with one or more cylindrical 
layers of graphene, resulting in single wall (SWNT) and 
multiple wall (MWNT) nanotubes, respectively. The graphene 
structure confers remarkable properties for carbon nanotubes, 
such as thermal and electrical conductivity, mechanical and 
chemical resistance. In addition, the low specific weigth, 
the nanometric dimensions and the high aspect ratio (ratio 
between length and diameter) of the particles make the 
nanotubes advantageous for applications that require high 
specific surfaces, such in the case of reinforcing agents in 
materials composites.

Poly (vinyl chloride) - PVC is the third most widely used 
polymer in the world, below polyethylene and polypropylene, 
only. In 2016, over 42 million tonnes of PVC were consumed, 
corresponding to over 16% of total plastics demand8. The low 
cost, chemical stability, mechanical and weather resistance 
and the ability to absorb additives, which improve their 
properties, are fundamental characteristics that justify such 
large consumption of this polymer. The largest field of PVC 

application is in civil construction, mainly in pipes, electro 
ducts, window profiles, plates and electrical cable cladding9. 
On the other hand, PVC has great potential for applications 
in electrical and electronic devices due to its natural flame 
retardancy, but for use as a barrier against electromagnetic 
interference (EMI shielding), the electrical conductivity of 
the polymer needs to be improved.

The biggest challenge for the effective use of carbon 
nanotubes in polymer matrix composites lies in the 
homogeneous dispersion or distribution of the nanoparticles 
along the continuous phase. The performance of the 
nanocomposites depends on the degree of dispersion, the 
orientation of the nanotubes and the nanotube/polymer 
surface interaction. Therefore, the disentanglement of carbon 
nanotubes prior to the composites preparation process is 
recommended because, depending on the Van der Waals 
interactions between them, the carbon nanotubes intertwine 
forming micro or macroscopic aggregates. Therefore, the 
method used to prepare the nanocomposites should be able 
to eliminate the aggregates formed by the entanglement of 
the nanotubes, promoting the uniform distribution of the 
nanoparticles along the matrix.

Several nanocomposites preparation methods are known, 
with emphasis on polymer melt mixing, polymer solution 
mixing, in situ polymerization and mixing by hot compacting.
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Polymer solution mixing method consists in promoting 
the dispersion of the carbon nanotubes in a solution of matrix 
polymer with the aid of mechanical agitation and mainly 
ultrasonication followed by casting and solvent evaporation10. 
The great advantage of this method is the capability to 
nanoparticles dispersion due to the low viscosity of the 
solution. The use of large amounts of solvent and the need 
of its subsequent elimination are the major disadvantages of 
this method. On the other hand, by hot compacting method 
the nanocomposites are obtained through the dry mixing of 
polymer and nanoparticles powders followed by hot pressing. 
This method has the advantage of using a smaller amount 
of solvent, being suitable for industrial scale expansion.

In this work, PVC/MWNT nanocomposites with 
nanoparticle contents between 0.05 and 1.00%w were 
produced using the methods of polymer solution mixing and 
hot compacting to evaluate the influence of the preparation 
method on the volumetric electrical resistivity and tensile 
properties. Thermogravimetric analyzes were performed 
on the components of the PVC compound (matrix) used in 
the hot compacting method to characterize the behavior of 
each of them during the nanocomposite preparation process.

2. Experimental

2.1 Materials

For the nanocomposites preparation, multiwalled 
carbon nanotubes (MWNT) of NC7000 mark, supplied 
by Nanocyl (Sambreville, Belgium), were used. These 
conductive nanoparticles are produced by CVD method 
with an average diameter of 9.5 nm and an average length 
of 1.5 µm, presenting a surface area of 250 - 300 m2g-1 and 
a volumetric resistivity of 10-4 Ωcm, according to supplier.

As the polymer matrix of composites, the polyvinyl chloride 
(PVC) NORVIC SP1000 produced by Braskem S.A. was 
utilized. The PVC, synthesized by suspension polymerization, 
was used in the powder form with particles size between 63 and 
250 µm and K-factor of 65. For the hot compacting method, a 
PVC compound was previously prepared using the following 
additives: Dioctyl phthalate - DOP (INBRACIZER-10 supplied 
by Inbra) as a plasticizer, calcium and zinc based thermal 
stabilizer (Naftosafe supplied by Chemson) and stearic acid 
(supplied by Chemson) as a lubricant.

2.2 Preparation of composites

The PVC/MWNT nanocomposites with carbon nanotubes 
content of 0,05 , 0,10 , 0,15 , 0,20 , 0,30 , 0,50 , 0,70 and 1,00 
%w were obtained using the hot compacting method. A rigid 
PVC compound, which formulation is presented in Table 1, 
was prepared by intensive mixing (dry blend). The MWNT 
was previously suspended in ethanol and ultrasonicated during 
15 min to pre-dispersion of nanoparticles. The sonicated 
MWNT and PVC compound were mixed in a porcelain 

mortar to the visually homogeneous state. After ethanol 
evaporation, the homogenized mixture was transferred to 
a hydraulic press and compacted between two steel plates 
heated at 170 °C and then pressed during 15 min at 19 MPa. 
The specimens, in a plate shape of 1,0 mm thickness, were 
demolded after cooling up to room temperature.

Table 1. The PVC compound formulation.

Component Amount (%w)

PVC 81,7

DOP 9,8

Naftosafe 6,5

Stearic acid 2,0

Total 100

The process parameters of the hot compaction method 
were defined after several tests using PVC without addition 
of carbon nanotubes, varying time, temperature and pressure. 
Although the PVC compound contains a large amount 
of thermal stabilizer (well above the percentage used in 
extrusion, for example), the samples obtained by compaction 
at temperatures above 170 ° C and/or times above 15 min 
showed yellowing, indicating the degradation of the polymer.

On the other hand, PVC/MWNT nanocomposites with 
carbon nanotubes content of 0,20, 0,30, 0,40, 0,60, 0,80 
and 1,00 %w were obtained using the polymer solution 
mixing method. The MWNTs were suspended in 5 ml of 
tetrahydrofuran (THF) and homogenized in an ultrasound 
bath for 15 min to break up the bundles. Then, the suspension 
was mixed with 25 ml of PVC/THF solution (6% w/v). 
The final mixture was then homogenized by mechanical 
stirring for 15 min and bath ultrasonication for another 15 
min, alternately, completing three cycles. At the end of the 
nanotubes dispersion process, the mixture was transferred to 
a flat glass mold for solvent evaporation at room temperature 
for 24 h. The thin film with thickness of about 100 µm was 
then demolded and placed into vacuum oven at 90°C for 48 
h for additional solvent removal.

2.3 Raw Materials and Nanocomposites 
Characterization

Thermogravimetric analysis (TG) was performed to 
evaluate the loss of mass resulting from the heating of PVC 
compound components samples (polymer and additives), 
used in the hot compacting method. The objective of this 
analysis was to characterize the thermal decomposition or 
volatilization profile of the each component to predict the 
PVC compound behavior, during the hot compacting process. 
The measurements were performed using a TA Instruments 
TGA-Q50. The samples of about 10mg were heated at 10 °C 
min-1 from room temperature to 700°C, under a synthetic 
air atmosphere (60 mL min-1).
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The volume resistivity was measured directly on the 
composites samples obtained by the both preparation processes, 
following the 2-point method. A Keithley electrometer Model 
6517A equipped with 8009 High Resistance Test Fixture 
was used, applying a voltage of 10Volt and measuring the 
electric current11.

Tensile properties of PVC and PVC/MWNT composites 
were obtained based on ASTM D882-12 method. Test 
specimens in the shape of rectangular strips of 100 mm 
length (gauge length of 50 mm) and 11 mm of width were 
submitted to the test. The tensile tests were performed using 
an EMIC DL-30000 test machine, equipped with 500kgf load 
cell, at a crosshead speed of 5.0 mm min-1. Tensile strength, 
and elongation at break of each sample were obtained based 
on at least five specimens per sample.

3. Results and Discussion

Figure 1 presents the results of the thermogravimetric 
analysis of the PVC compound, used as the matrix of 
the PVC/MWNT nanocomposites obtained by the hot 
compacting method, in comparison with its components. 
The weight loss behavior of PVC (SP-1000) occurred in 
two distinct stages, according to Yu and collaborators12. 
The first stage started at about 250 °C and is attributed to 
the polymer dehydrochlorination and formation of a linear 
polyene structure, while the second stage occurred from 
450 °C and refers to the rupture of the double bonds of the 
polyene structure forming volatile hydrocarbons. A similar 
weight loss behavior is observed in the analysis of the PVC 
compound, although the overlap of the weight loss of the 
other additives is clear.

Table 2 summarizes the results corresponding to the 
first step of weight loss for the PVC compounds and its 
components: the weight loss percentage (ΔW), the initial 
and final temperature (Ti - Tf) and the temperatures of 
maximum weight loss rate (Tmax). The stearic acid presented 
thermal decomposition between 150 and 265°C, while the 
DOP decomposed between 170 and 293°C. It is assumed 

that the mass loss of stearic acid and DOP is attributed 
to thermal decomposition, since the boiling temperatures 
of these compounds are 383 and 370 °C, respectively. 
The thermogravimetric analysis made under synthetic air 
atmosphere led the compounds to thermal decomposition 
due to the presence of oxygen.

The Naftosafe thermal stabilizer, composed by calcium 
and zinc stearates, presented mass loss in two stages: the 
first stage between 170 and 345 °C and the second stage 
between 400 and 490ºC. This result agrees with Xu et al.13, 
confirming the composition of the stabilizer.

It could be observed that the Tmax of PVC compound 
occurred at lower values of temperature than pure PVC. 
This behavior was also observed by Xu et al.11 for PVC 
stabilized with stabilizers containing zinc ions. The relative 
lower decomposition temperature of this kind of PVC 
compound could be attributed to the generation of ZnCl2 
which can catalyze the decomposition of PVC due to its 
strong Lewis acidity. The mass loss initial temperature of 
the PVC compound is 165°C, but this mass loss is relative 
to the thermal decomposition of DOP and stearic acid. The 
PVC degradation occurs above 230°C indicating that the 
temperature of 170°C, employed in the hot compacting 
method, is suitable to keep the integrity of the polymer.

The volumetric electrical resistivity behavior of 
the PVC/MWNT nanocomposites, obtained by the two 
preparation methods, as a function of the carbon nanotube 
content is presented in Figure 2. An eight and nine orders of 
magnitude reduction in electrical resistivity were observed 
in the nanocomposites obtained by polymer solution mixing 
and hot compacting methods, respectively. However, the 
percolation threshold found in the hot compacting method 
was 0.15%w, significantly lower than that found in the 
solution mixing method, which was 0.40%w. Such behavior 
agrees with the results of Mamunya et al.1 and Araújo10 and 
is due to the establishment of a three-dimensional conductive 
network of nanotubes in the nanocomposites obtained by 
the hot compacting method. In the polymer solution mixing 
method, despite better dispersion conditions of the carbon 

Figure 1. TG (a) and DTG (b) curves of PVC compound and its components
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reduced in all nanocomposites formulations. This behavior 
suggests that the dispersion of the nanoparticles was not 
adequate, resulting in the formation of carbon nanotube 
aggregates that induce the formation of cracks in the material 
and premature rupture during the tensile test. The presence 
of the nanotube aggregates does not interfere in the tensile 
strength of the material, since the maximum stress of both 
the PVC and the nanocomposites occurs at the yield limit 
and is associated with the elastic deformation, in which the 
deformation values are low. The effect of crack induction by 
the presence of carbon nanotubes aggregates occurs after the 
yield limit, associated to plastic deformation, in which the 
test specimens are subjected to greater deformations with 
consequent interference of the aggregates in the viscous 
flow of the polymer chains. Similar results were found 
by Yazdani H et al.14 who studied composites of MWNT 
dispersed in plasticized PVC matrix. These authors concluded 
that a thoroughly well-dispersed filler in a polymer matrix 
slightly improves its tensile strength. On the other hand, 
the presence of the nanotubes significantly reduces the 
deformation at break of the nanocomposites in comparison to 
the unmodified polymer. They found a reduction of 3 times 
in deformation at break, from 450% for unmodified PVC to 
150% for composite with 0,5% MWNT, while in this work 
a larger reduction of 4 times was observed. However, this 
larger reduction can be attributed to the brittleness of rigid 
PVC matrix of this work in comparison with plasticized 
PVC matrix of Yazdani composites.

On the other hand, Zanjanijam et al.16 observed a 
progressive increase in the tensile strength of SWNT/PVC 
composites as the nanotube content was increased from 
0,25 to 0.75%, however in composites with higher nanotube 
contents the tensile strength was practically the same as PVC 
unmodified. The authors attributed this increase in tensile 
strength to the adequate dispersion of the nanotubes in the 
polymer matrix in composites containing up to 0.75% of 
nanoparticles, however the poor dispersion of higher nanotube 
contents maintains the tensile strength unchanged in relation 
to the isolated polymer. Mkhabela et al.17 studied MWNT/
PVC composites obtained by melt mixing and concluded 
that as the composites became stiffer because the addition 
of carbon nanotubes, they turned more brittle, therefore 
getting easily fractured.

PVC/MWNT nanocomposites obtained by hot compacting 
method showed similar behavior in relation to the tensile 
strength, as shown in Figure 4. The tensile strength of the 
nanocomposites remained practically unchanged compared 
to PVC without addition of carbon nanotubes. However, 
extremely low values of deformation at break were observed 
in all nanocomposites and PVC without addition of nanotubes. 
This result indicates that the process conditions employed 
in the hot compacting method were insufficient for the 
total melting of the PVC particles, preventing the polymer 
molecular diffusion between them. The reduction of the 

Table 2. TG results of the PVC compound and its components 
corresponding to the first stage of mass loss

Material ΔW (%) Ti– Tf (°C) Tmax (°C)

PVC Compound 69.0 165 – 345 281.4

PVC SP1000 62.6 225 – 350 290.0

Naftosafe 41.0 160 – 345 325.8

DOP 100.0 150 – 295 279.6

Stearic acid 100.0 150 – 265 248.6

Figure 2. Volumetric electrical resistivity behavior of PVC/MWNT 
nanocomposites related to carbon nanotubes content

nanotubes, a greater amount of nanoparticles is necessary 
for percolation, since nanotubes tend to agglomerate 
during the solvent evaporation step. Yazdani H et al.14 
also determined a percolation threshold between 0,2 and 
0,4%w for composites MWNT/plasticized PVC obtained by 
nanoparticles dispersion with sonication probe. The authors 
affirmed that as the carbon nanotubes content exceeds the 
percolation threshold, the composite enters the percolation 
region across which a transition takes place in the nature of 
charge transport from tunneling to partial metallic diffusive 
transport. They determined the volumetric electrical resistivity 
of 107 Ωcm (electrical conductive = 10-5 S/m) for composites 
with 1,0%w MWNT, the same value determined in this work 
for composite prepared by polymer solution mixing. On the 
other hand, Wang et al.15 reported lower values of electrical 
resistivity of MWNT/PVC composites obtained by mixing 
in solution: 105 and 104 Ωcm for composites containing, 
respectively, 0.7 and 1.0%w of nanotubes. This difference 
in resistivity of the materials compared to that achieved in 
this work may be a consequence of the different nanotubes 
dispersion conditions by the authors.

The tensile strength of the PVC/MWNT nanocomposites, 
obtained by the solution-mixing method, keeps practically 
unchanged compared to PVC without addition of carbon 
nanotubes, for all formulations studied as shown in Figure 3. 
On the other hand, the deformation at break was drastically 
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Figure 3. Tensile strength (a) and deformation at break (b) behavior of PVC/MWNT nanocomposites obtained by solution mixing method 
related to carbon nanotubes content

Figure 4. Tensile strength (a) and deformation at break (b) behavior of PVC/MWNT nanocomposites obtained by hot compacting method 
related to carbon nanotubes content

tensile strength of the PVC without addition of nanotubes, 
in relation to PVC obtained in the solution mixing method, 
was expected and is due to the presence of the DOP as a 
plasticizer in the PVC compound used in this method.

4. Conclusions

The preparation method influenced the behavior of the 
electrical resistivity of the PVC/MWNT nanocomposites, 
since the percolation threshold observed in the hot compacting 
method was 0.15%w, significantly lower than that found in the 
solution mixing method, which was 0.40%w. In addition, the 
electrical resistivity reduction was nine orders of magnitude 
for the nnaoocomposites obtained by hot compacting and 
eight orders of magnitude for the solution mixing method, 
in the studied carbon nanotubes contents.

The tensile strength of PVC/MWNT nanocomposites was 
not affected by the presence or content of carbon nanotubes 
compared to PVC without addition of nanoparticles, 
regardless of the material preparation method. On the other 

hand, the deformation at beak was largely reduced in the 
nanocomposites obtained by the solution mixing method, 
indicating the presence of carbon nanotube aggregates. 
The hot compacting method requires adjustments in the 
process conditions for a better mechanical performance of 
the obtained materials, although in relation to the electrical 
properties it has been shown more suitable.
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