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ABSTRACT

Orientation behavior of MWNTs (0.01-0.05%) in PMMA matrix has been studied using scanning
electron microscopy, FT-IR spectroscopy and Raman spectroscopy. MWNT/PMMA nanocomposites have
been synthesized by solution cast method. Dispersion of MWNT in PMMA matrix has been performed by
ultrasonication. SEM images show surface morphology of MWNTs oriented in PMMA matrix. FT-IR
spectra show interaction nature of MWNT with PMMA matrix. Shifted wavenumber shows the orientation
characteristics and bonding nature. Increased Raman intensity for 0.01% MWNT in PMMA matrix shows
orientation nature of MWNTSs in PMMA matrix.
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INTRODUCTION

Carbon nanotubes have attracted considerable attention and generated intense
research activities on nanotubes and their composites with polymers. Carbon nanotubes have
extra ordinary properties like electrical, mechanical and thermal properties'™. These
properties, combined with very high aspect ratio, make nanotubes an excellent candidate for
novel composite materials. Several previous studies focus on fabrication and
characterization of carbon nanotube-polymer nanocomposites™'2. Industrial applications of
MWNT/PMMA composites have also been diversified to various fields including electronic
devices and field emission display. Because of electrical properties of MWNTs and
MWNT/PMMA composites can be applied as an electromagnetic shielding material. The

*Author for correspondence; Mo.: +91-9461300426; Fax: +91-141-2711049;
E-mail: tripathi.ghanshyam@gmail.com



1726 Ghanshyam et al.: Orientation Studies in....

diameter of MWNT at nanoscale enables these nanocomposites to be transparent as far as
the MWNTs are well dispersed. MWNTs are very difficult to disperse in a polymer matrix
as they have large surface areas and posses large Van der waals force among themselves.
This can lead to the formation of strongly bound aggregates’>. A need to obtain well
dispersed and oriented CNTs in polymer matrix has been the subject of several reports as
this condition is anticipated to give rise the best composite performance. Sonication of
solutions of polymers with dispersed nanotubes followed by solvent evaporation has been
used successfully to achieve homogeneous nanocomposites'*. The orientation of nanotubes
in the composite is a critical issue regarding the electrical, thermal and mechanical
properties of the composites.

EXPERIMENTAL

Dispersion of MWNTs in PMMA matrix has been performed by using
ultrasonication. MWNT/PMMA composites of 40 um thickness have been synthesized by
solution cast method. Orientation of MWNTs in PMMA matrix has been performed by
applying 1200 Gauss magnetic field. SEM measurements have been taken at 10um scale to
study the dispersion of MWNTs in the PMMA matrix. FT-IR measurements have been
performed by using Simadzu-330 model. Raman measurements have been performed by
using R-3000, model at 532 nm excitation. Magnetic field of 1200 G has been used for
proper orientation of MWNTs in the PMMA matrix.

RESULTS AND DISCUSSION

Scanning Electron Microscopy (SEM) has been used to study the dispersion of
MWNTs in the PMMA matrix. Fig. 1, Fig. 2 and Fig. 3 show the SEM images of PMMA
matrix, 0.01 MWNT/PMMA matrix and 0.05 MWNT/PMMA naocomposites, respectively.
It is found that MWNTs at low loadings in PMMA matrix oriented well while MWNTs at
higher loadings in PMMA matrix agglomerates.

FT-IR spectroscopy has been used for characterizing bonding nature of MWNTs
with PMMA matrix. From Fig. 4, it is clear that peak at 1696 cm™ is attributed to the ester
bond (0-C=0) in PMMA matrix and peak at 1705 cm™ originates from C-C bond between
MWNTs and PMMA which may be formed during the composite growth. The peak at 1758
cm™ is attributed to CH, stretch. The types of interactions between PMMA and MWNTs
demonstrates here, that these could improve the interfacial bonding between nanotubes and
the polymer.
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Fig. 3: SEM image for (0.05) MWNT/PMMA nanocomposite
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Fig. 4: FT-IR spectra for MWNT/PMMA nanocomposites

Raman spectroscopy is surface sensitive, since the penetration depth is generally no
more than several micrometers, depending upon MWNTs loading. Although it is possible
that the orientation of MWNTs inside the matrix could be different from that of the matrix
surface. We believe that the intensity ratio measured on the surface is reasonable
representation of the overall orientation. For the present study, orientation of MWNTs
within the PMMA matrix was assessed with a R-3000, Raman spectrometer with 1 pum beam
spot and 532 nm excitation. Raman spectra were recorded for (0.01-0.05%) MWNT/PMMA
composites of thickness 40 pum.

The orientation of MWNTs in PMMA matrix has been characterized with the
measurement of Raman intensity which is mentioned in Fig. 5. It is found that MWNTs in
low concentration (0.01%) with in the PMMA matrix have higher Raman intensity (1707/cm,
180). It may be attributed to low loading of MWNTs in composites having more freedom to
flow during shear, which results in better alignment, while higher concentration (0.05%) of
MWNTs have low Raman intensity (1707/cm, 81) as well as decreased FWHM. It may be
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Fig. 5: Raman spectra for MWNT/PMMA nanocomposites

attributed to restricted motion by neighboring nanotubes and thus, can not align as well.
Furthermore, the MWNTs could tend to agglomerate at higher loading, which prevents good
alignment. The variation in Raman intensity is mentioned in Table 1.

Table 1: Variation in Raman intensity with MWNTs concentration in the PMMA

matrix
Samples Wave number (cm™) Intensity
0.0l MWNT/PMMA 1707 180
0.02 MWNT/PMMA 1707 177
0.03 MWNT/PMMA 1707 100
0.05 MWNT/PMMA 1707 81
CONCLUSION

(). The successful fabrication of MWNT/PMMA nanocomposites has been
demonstrated upto 0.05 wt % MWNTs.

(i1). The fabrication method is by solution cast and dispersion of MWNT through
ultrasonicator is appreaciable to a wide range of matrix polymers.

(iii). The orientation decreases for higher nanotube loading but it is still good at
lower loading as confirmed by Raman spectroscopy.
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(iv). Improvement of dispersion and interface properties of the nanotubes is
necessary to further improve the composite properties.
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