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ABSTRACT

Three different series of polymethylmethacrylate (PMMA) nanocomposites were developed using three different
carbon nanofillers namely (i) nanographite powder (ii) COOH functionalized CNT and (iii) graphene. The
concentration of nanofillers (<3 wt%) was changed in the step of 0.50 wt.% and nanocomposites were prepared
by in-situ polymerization of MMA monomer. Frequency and temperature dependent dielectric behavior of these
nanocomposites were studied to investigate the influence of different nanofillers. It was observed that at all
temperatures and frequencies dielectric constant of pure PMMA decreased with low wt% of nanofillers and then
increased with further increase in filler loading. At room temperature, composite with 1.50 wt% of CNT showed
a minimum value of dielectric constant at all frequencies. In the case of graphene-PMMA composites, same
dielectric trend was observed. However, at room temperature composite with 0.75wt% of graphene showed a
minimum value of dielectric constant at all frequencies. In the case of nanographite- PMMA composites, room
temperature dielectric constant decreased with increasing concentration of nanographite and reached a

minimum at a filler concentration of 0.75 wt%.
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I.INTRODUCTION

Carbon-based nanofillers, such as carbon black (CB), expanded graphite (EG), graphite nanoplatelet (GNP),
carbon nanotube (CNT) and graphene nanosheets (GNS) in non-conducting polymer matrices significantly
improve the electrical conductivity of the polymer [1]. CNTs are most effective as conductive fillers, however,
their higher production cost is a constraint. Compared to CNTSs, the two dimensional GNSs are not as effective
in forming conductive networks due to the aggregation of GNSs in the polymer matrix but they are economi-
cally viable. Thus, in order to make optimum utilization of the advantages of GNSs as conductive fillers and
derive high performances from resultant composites serious efforts have been made in the past [1-3]. A small
loading of GNS not only ensures achievement of higher electrical conductivity but also helps in retaining the
properties of the base polymer matrix [4]. It has been reported that the percolation threshold of PMMA/graphite
nanosheets conducting films, at room temperature, was as low as 0.31 vol% which was much lower than that

(3.19 vol%) of the composites filled with conventional graphite filler particles. Their results also showed that
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the high aspect-ratio (width to thickness) structure of graphite nanosheets played an important role in forming
conducting network in PMMA matrix [5]. Similarly, for PMMA/graphite nanoplatelet ensembles, the electrical
conductivity of the ensemble was found to exhibit an insulator—conductor transition at a very low percolation
threshold for GNPs [6]. The percolation threshold of PMMA/GNP at room temperature was only about 1 wt%
filler content which is much lower than that of the ensembles filled with conventional graphite particles.
GNP/PMMA nanocomposites show vastly improved conductivity as compared to ARG/PMMA and EG/PMMA
nanocomposites [7]. In the case of a graphene nanosheet filled ultra-high molecular weight polyethylene
(UHMWPE) composite with a segregated structure fabricated by exfoliating graphene oxide nanosheet (GONS)
and then water/ethanol mixture solvent-assisted dispersion under ultrasonication, a percolation threshold as low
as 0.070 vol.% has been achieved because of the formation of a two dimensional conductive network [8]. Thus,
from the literature survey, it was observed that in-situ polymerization is the best method to achieve optimum
electrical conductivity and other properties in PMMA nanocomposites.

In this paper, three different series of polymethylmethacrylate (PMMA) nanocomposites were developed using
three different carbon nanofillers namely nanographite powder, COOH functionalized CNT and graphene. The
concentration of nanofillers (<3 wt%) was changed in the step of 0.50 wt.% and nanocomposites were prepared
by in-situ polymerization of MMA monomer. Frequency and temperature dependent dielectric behavior of

these nanocomposites were studied and compared and is being reported in the subsequent sections.
I1. MATERIALS AND METHODS

Methyl methacrylate (MMA) (Density = 0.936g/cc and Purity = 99%) was obtained from Sigma Aldrich,
Germany. COOH functionalized MWCNT (dia 20-30 nm) and length (10-30 micron) purity (95%) was obtained
from Nanostructred and Amorphous Materials, Houston, Texas (US). Graphene (Purity = 99.5%, Layer Flake =
4-6 (50-80%), Surface Area > 250m2/g, Thickness =2-4nm, Lateral Size = 1-10um, pH = 6-7, Ash < 0.5%,
Morphology = Flaky) was obtained from Nanoshel LLC. Nanographite (APS 400 nm) was obtained from Sisco
Research laboratories, India. Firstly, in-situ polymerization of MMA monomer was carried out in test tubes with
the help of ultra-sonication under suitable conditions. Exact amount of nanofiller (nanographite, CNT and
graphene) was taken in dry test tubes and then it was sonicated for 5 minutes in dry condition. 10g of MMA
monomer and 0.1g of BPO initiator were added to the test tubes. Nitrogen was purged for 1 minute in every test
tube to create an inert atmosphere. Test tubes were plugged tightly with cotton and sonicated for 10 minutes at
room temperature. Now, these systems were slowly heated to 60°C and sonicated for total 2 hours until the
monomer system became viscous and nanofiller got entrapped into the polymer chains. After 2 hours, sonication
was stopped and systems were heated for another 2 hours to complete the polymerization under nitrogen
atmosphere. After 4 hours polymeric lumps were formed inside the test tube. Test tubes were then broken to
take out the polymeric lumps. These polymer lumps were crushed at 20,000 Ib pressure in compression mould-
ing machine without heating. Thus, micro cracks developed inside the lumps and then they were granulated.
Granules were dried at 60°C under vacuum for 24 hours to remove low molecular weight components. After
that, granules were compression moulded to make samples at 165°C and at 15,000 Ib pressure. Granules were
preheated for 15 minutes and compression moulded for another 15 minutes with a breathing time of 30 seconds.

Then, samples were slowly cooled to 65°C by circulating water inside the platen and then they were ejected
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from the mould. A total of 10 different samples of each series were prepared by varying the weight percentage

of nanofillers.

2.1 Dielectric Studies

AC frequency dependent values of parallel capacitance (Cp) and loss tangent or dissipation factor (tand or D) of
the nanocomposite samples were measured by using Agilent 4263B precision LCR meter. The actual thickness
of samples was measured using a micrometre before electroding by application of conductive silver paste using
a paint brush. Electroded samples were placed in a sample cell between two electrodes and voltage was applied.
The parallel capacitance (Cp) was measured on the LCR meter. Dielectric constant (g') was calculated using the
formula:

¢’ =C/IC,

Where, C, (=e,A/d) is the capacitance with vacuum between parallel plates, and €, is the permittivity of free
space, A is the area of electrodes, and d is the thickness of the sample. Dissipation factor (D or tan 8) was

directly measured on the LCR meter.

I11. RESULTS AND DISCUSSION
3.1 CNT-PMMA Nanocomposites

Frequency dependent dielectric behaviour of CNT-PMMA nanocomposites at room temperature is shown in
Fig. 1. Dielectric constants measured at different frequencies are plotted as a function of increasing CNT weight
percentage. It is expected that at lower frequencies the values of dielectric constant will be higher due to
contribution of both electronic polarization and orientational or dipole polarization. With increase in frequencies
orientational polarization is restricted but electronic polarization are not. Here it is observed that with increasing
CNT percentage dielectric constant decreases and then reaches to a minimum and then start to increase but after
1.5 wt. % it falls slightly. This is because at a constant frequency when CNT percentage increases then more and
more restrictions are applied to the polymer molecule to polarization and consequently the contribution of
orientational polarization decreases monotonically. But at very low percentage of CNT the enhancement in
electronic polarization is suppressed by the decrease in dipole polarization and thus the overall polarization
decreases resulting the decrease in dielectric constant value. But after a certain percentage the contribution of
increase in electronic polarization and decrease in dipole polarization counter balance each other and after that
the increase in electronic polarization becomes more significant. As a result of this phenomenon, dielectric
constant reaches a minimum and then starts to increase. But after 1.5% CNT loading it is observed that
dielectric constant starts to decrease slowly and this can be due to stabilization of electronic polarization after a

certain concentration. So again the decrease in orientational polarization determines the nature of the curve.

3.2 Graphene-PMMA Nanocomposites

Frequency dependent dielectric behaviour of grapheme-PMMA nanocomposites at room temperature is shown

in Fig. 2. Dielectric constants at different frequencies are plotted as a function of increasing Graphene weight

percentage. It is expected that at lower frequencies the values of dielectric constant will be higher due to

contribution of both electronic polarization and orientational or dipole polarization. With increase in frequencies

orientational polarization is restricted but electronic polarization are not. Here it is observed that with increasing
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graphene percentage dielectric constant decreases and then reaches to a minimum and then start to increase but
after 1.5 wt. % it falls slightly. This is because at a constant frequency when Graphene percentage increases then
more and more restrictions are applied to the polymer molecule to polarization and consequently the
contribution of orientational polarization decreases monotonically. But at very low percentage of graphene the
enhancement in electronic polarization is suppressed by the decrease in dipole polarization and thus the overall
polarization decreases resulting in the decrease in dielectric constant value. But after a certain percentage the
contribution of increase in electronic polarization and decrease in dipole polarization counter balance each other
and after that the increase in electronic polarization becomes more significant. As a result of this phenomenon,
dielectric constant reaches a minimum and the starts it increase. But after 1.5% Graphene loading it is observed
that dielectric constant starts to decrease slowly and this can be due to stabilization of electronic polarization
after a certain concentration. So again the decrease in orientational polarization determines the nature of the

curve.

3.3 Nanographite -PMMA Nanocomposites

In the case of PMMA/graphite composites, the dielectric and electrical properties of PMMA are changed
drastically by the presence of graphite particles since the dielectric properties of the latter (~12—15) are very
different from those of the matrix (~5-8). Electrical conductivities become higher because graphite is
conductive and when its volume fraction is higher than a percolation limit (0.50 wt% in the present case). The
dielectric permittivities also become high (PG5) indicating nondipolar origin of the polarization such as
interfacial polarization. At the interface of two dielectric materials having different permittivities and/or
conductivities, charges are accumulated. Thus a layer of dipoles induced by the external electric fields is formed
at the interface, resulting in an increase of the total polarization field, i.e., an increase of the dielectric
permittivity. Variation of dielectric constant with concentration of graphite at room temperature (31.8 deg C) is
shown in Fig 3. A minimum dielectric constant was obtained for PG3 (0.75 wt%) composite. A higher or lower

concentration than the optimum concentration was found to increase the dielectric constant.
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Fig.1: Dielectric constant of CNT-PMMA nanocomposites as a function of CNT wt% obtained

at room temperature at different frequencies
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Fig.2: Dielectric constant of Graphene-PMMA nanocomposites as a function of graphene wt%

obtained at room temperature at different frequencies
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Fig.3: Dielectric constant of nanographite -PMMA nanocomposites as a function of

nanographite wt% obtained at room temperature at different frequencies
V. CONCLUSIONS

A comparison of the influence of three different carbon nanofillers on dielectric properties of PMMA
nanocomposites showed that same dielectric behavior is obtained for all three nanofillers. However, in the case
of CNT filled PMMA nanocomposites, dielectric constant first decreased (probably due to decrease in dipole
polarization) and then increased after a loading of 1.5 wt%. However, in the case of Graphene filled PMMA
nanocomposites dielectric constant decreased with increasing concentration of graphene and reached a

minimum at a filler concentration of 0.75 wt%. Similarly, in the case of nanographite filled PMMA

442 |Page




International Journal of Advanced Technology in Engineering and Science -

Vol. No.3, Issue 11, November 2015

jjates

www.ijates.com ISSN 2348 - 7550

nancomposites, a minimum dielectric constant was obtained for 0.75wt%. A higher or lower concentration than

the optimum concentration was found to increase the dielectric constant.
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