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Preparation of MWNTSs/ Pl hanocomposite materials and
their dynamic mechanical properties and dielectric properties

HE Guo-wen, XIE Ling, TAN Kai-yuan, LI Heng-feng

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The multi-walled carbon nanotubes (MWNTs) were modified by mixed strong acids and sulfuryl dichloride
(SOCl,) successively. Their solubility in organic solvents and dispersivity in matrix of polyimides were improved greatly
by modification. The unmodified and modified MWNTSs were characterized by X-ray photoelectron spectroscopy (XPS)
and transmission electron microscopy (TEM). The polyimide (PI))MWNTs composites were synthesized by in situ
polymerization of 4,4’-diaminodiphenylether (ODA) and 3,3’°,4,4’-benzophenonetetracarboxylic dianhydride (BTDA), in
which the modified MWNTs were used as the fillers. The composites were characterized by thermogravimetric analysis
(TGA), dynamic mechanical analysis (DMA) and measurement of capacitance. The results show that the PI/MWNTs
composites have preferable heat stability as the same as the pure polyimide (PI). The dynamic mechanical properties
improve with the mass fraction of MWNTs increasing. The value of storage modulus is 2.03 GPa at 50  when the mass
fraction of MWNTs is 10%. Compared with that of the pure PI, the storage modulus increases by 23.1%. The dielectric
properties enhance sharply with the mass fraction of MWNTs increasing. For the nanocomposites containing 10% of
MWNTs, the dielectric constant reaches 66.7 at 1 MHz, which comes up to 18.6 times of that of pure polyimide.
Therefore, The MWNTSs/PI is a kind of nanocomposite material with favorable properties of thermal properties, dynamic
mechanical properties and dielectric properties.
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Fig.4 TEM images of unmodified MWNTs ((a), (b)), MWCNTs treated with acid mixture (MWNTs-COOH) (¢) and MWNTs
treated with acid mixture and sulfoxide chloride, successively (MWNTs-COCI) (d)
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Fig.5 SEM images of broken section of P/MWNTs composite film containing 10% unmodified MWNTs (a) and modified
MWNTs (b)
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Table 1 Storage modulus of PI/MWNTSs nanocomposites with different mass fractions of MWNTs at different temperatures

Storage modulus/GPa
Temperature/
0 0.3% 1.0% 5.0% 7.5% 10.0%
0 2.021 2.087 2.156 2.281 2.343 2.424
50 1.875 1.915 2.098 2.186 2.246 2.307
100 1.700 1.746 1.887 2.098 2.155 2.224
150 1.554 1.599 1.706 1.894 2.088 2.187

200 1.383 1.412 1.536 1.684 1.865 2.043
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