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Abstract

Polymerization of styrene was performed by dispersing multi-walled carbon nanotubes
using miniemulsion polymerization technique varying the amount of surfactant used in
the dispersion phase. Through the applied methodology a genuine dispersion was
achieved modifying the properties of the original matrix. The resulting nanocomposite
was characterized by Thermogravimetric Analysis, Differential Scanning Calorimetry
and Dynamical Mechanical Analysis to determine the effects of nanotube inclusion on
the mechanical and thermal performance of the composite. Impedance spectroscopy
was achieved to find out whether or not some material acquired the capacity to
conduce electrical flux. The obtained results indicated the formation of a strong
nanotube — polystyrene interfacial interaction; besides, it was found that some
composites presented electrical conductive properties, which was attributed to an
efficient dispersion process.
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Introduction

Carbon nanotubes (CNTs) were discovered in 1991 by Sumio lijima* and since then
they have been of great interest due to their potential applications in different fields of
science and technology. CNTs present a desirable combination of mechanical,
electrical and thermal properties that no other materials have shown before’. The
development of nanocomposites polymer/CNTs has been focused on the improvement
of mechanical and electrical properties of the matrix*°; however, CNT must be
dispersed within the matrix in order to break the CNTs agglomerates which obeys to
strong attractive van der Waals forces®’, and design a medium that can provide affinity
between CNTs and the matrix. Several strategies have been employed to improve
CNTs dispersion into polymer matrixes®® with different results. Several works have
shown that in situ polymerization is a reliable strategy to obtain CNTs—polymer
nanocomposites'*?, particularly miniemulsion polymerization, which provides the
proper conditions to integrate the nanoparticle and the matrix into a compound®**°. In
the case of CNTs the aspect ratio (length / diameter) makes quite complicated the
encapsulation of these into polymer particles; the length of a CNT could be as long as
some hundreds of nanometers and the size of the polymer particle is just a small
fraction of the NTC length. Reports have shown that the interaction between CNTs and
polymer particles, in nanocomposites obtained by in situ polymerization in dispersed
media has been mainly superficial; in other words, the polymer particles stick to the
surface of the nanotube "*'.
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Experimental

Materials

Multi-Walled CNTs were synthesized by CVD technique using ferrocene and toluene,
no treatment was given to the CNTs. Styrene monomer was distilled under vacuum
before polymerization; anionic surfactant Triton-165 and Triton-305 were used as
delivered; free radical initiator azobisisobutironitrile was recrystalized from methanol.
The water used was tridistilled quality.

MWCNT-Polystyrene Nanocomposite Synthesis

Polystyrene/Multi-Walled CNT synthesis was performed by microemulsion
polymerization, the procedure was the following: First, Multi-Walled CNTs were
dispersed in 20 mL of styrene monomer in ultrasound for 15 min. The surfactants were
added to the solution little by little; afterwards AIBN was added and dispersed in the
emulsion for 5 min. Ultrasound was applied continuously so as to avoid as much as
possible nanotube reagglomeration. The resulting emulsion was heated in the reactor
at 70°C and a nitrogen atmosphere. The polymerization reaction allowed 8 h to be
completed. Three different charges of CNTs were used (0.05, 0.1 and 0.2 g) besides of
a blank or control of polystyrene without MWCNTSs.

Results

Thermogravimetric curves (TGA) of neat PS and Pst-CNTs composites with three
different concentrations of CNTs (0.05, 0.1 and 0.2 %wt) are given in Figure 1. Thermal
decomposition of each sample takes place in a programmed temperature range of 20 —
600 °C. In the case of neat PS the decomposition starts at 288 °C and is complete at a
temperature of 425 °C, which indicates that the thermal stability for pure PS is higher.
For the different PS-CNTs composites a behavior similar respect to neat PS is
observed. These results suggest that the CNTs did not improve the thermal stability of
composites.

Figure 2 shows the glass transition temperature (Tg) obtained for Differential scanning
calorimetry. Neat PS exhibits a glass transition temperature at 69.5 °C.
Nanocomposites (PS-CNTs) with the two lowest CNTs concentrations (0.05 and 0.1
Wt. % of CNTs) has a lower glass transition temperature of 63 and 67 °C,
respectability. However, PS-CNTs (0.2 wt %. of CNTs) exhibit a higher glass transition
temperature found at 72 °C respect to neat PS. These results can be explained as
follows. It is quite possible that the addition of CNTs to a polymer matrix to lower
concentrations increase the free volume between polymer chains, allowing the particles
act as plasticizer in the matrix polymer. On the other hand, the increase in CNTs
concentrations improves the interactions Polymer — CNTs.

Figure 3 and 4 shows dynamic mechanical behaviour of the neat polystyrene and PS-
CNTs nanocomposites with respect to temperature. We can see that the storage
modulus (Figure 3) remains almost same for a long range of temperature, then
decreases sharply and levels off. The region at which the sharp decrease is shown is
the glass transition temperature of the material. All the curves show an improved
storage modulus (E") values at the initial region compared to the neat polystyrene. The
composites were prepared with NTCs and the matrix - NTCs interaction is responsible
for the increase in storage modulus.
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Loss modulus (E™") curves of the polystyrene nanocomposites at a frequency of 1 Hz
are shown in Figure 4. The peak in the curves corresponds to the glass transition
temperature of the composites. We can see that the Tg values shifted to the right hand
side for the composites upto 0.2 wt %. This positive shift is attributed to the better NTcs
- matrix interaction. However, the 0.05 and 0.1% NTCs composites showed negative
shift from the neat PS. This anomalous behaviour is believed to be due to the
agglomeration of the filler particles thereby reducing the better filler matrix interaction.
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