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Fig. 1 Tsothermal time (z)-dependent G'( solid symbols), G”
(hollow symbols) and tand ( half-filled symbols) for MWCNTs
filled PS (¢ =0.04)
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Fig. 2 Master curves of G’ ('solid symbols) and G" (hollow
symbols) as a function of scaled time

The data measured at 170°C , 180°C and 190°C were shifted to
superpose the data at 190°C and the modulus data were vertically

shift by a factor of 10".
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Fig. 3 Complex modulus ratio |1G* (@) I/1G™ (PS) | as
a function of ¢ for PS/MWCNTSs composites at 190°C
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Fig. 4 TEM graphs of PS/MWCNTs composites with ¢ =0.01 (a, b), 0.02 (¢, d), 0.03 (e, f), and 0.04 (g, h) before (a, c, e,

g) and after annealing (b, d, f, h)
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Fig. 5 (a) Arrhenius plots of shift factors ay. , agr,a, and a,
as a function of reciprocal temperature (1/7T) for PS/MWCNTs
composites with ¢ = 0.04 and (b) activation energies as a

function of ¢ for PS/MWCNTSs composites
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Fig. 6 Master curves of linear dynamic rheology of PS

constructed from data measured at four different temperatures
The insert shows Arrhenius plots of the shift factor (a, ) versus

1/T.
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TIME-DEPENDENT DYNAMIC MODULUS PERCOLATION OF MULTI-WALLED
CARBON NANOTUBES FILLED POLYSTYRENE MELTS DURING ANNEALING

Ai-zhi Guan'?, Yi-hu Song', Ye-giang Tan', Qiang Zheng'
('MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,
Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)
(* School of Mechanical and Automotive Engineering, Zhejiang University of Science and Technology, Hangzhou 310023 )

Abstract A study on rheological behavior of multi-walled carbon nanotubes ( MWCNTSs) filled polystyrene
(PS) melts submitted to isothermal annealing at temperatures from 170°C to 190°C was carried out. It is found
that the filled PS melts with different volume fractions (@) of MWCNTSs from O to 0. 05 underwent dynamic
modulus percolation ( DMP) during isothermal annealing and the DMP behaviors followed time-temperature
superposition (TTS) principle disclosed for the first time. The filled melts with ¢ below percolation threshold
exhibited liquid-like viscoelasticity during annealing,and the activation energies (£, and E ) of the dynamic
storage modulus (G') and loss modulus ( G") were higher and lower than that of viscous flow (E_) of pure PS
melt, respectively ,but were in agreement with the dynamic modulus activation energies of dynamic moduli of
PS melt at the same frequency as that used in DMP test, the dynamic moduli were obtained through the
dynamic frequency experiment. Annealing the melts having ¢ above percolation threshold caused MWCNTSs to
aggregate further so much as that the melts changed from the liquid-like to the solid-like. In this case,both E .
and E, were smaller than E_ while energies (E, and E,) of liquid-like to solid-like transition were
significantly higher than E . Moreover,the activation energies of dynamic modulus exhibited a sharp decrease
in the percolation transition region. It was suggested that the isothermal time-dependent DMP was closely
related to the formation of the MWCNTSs aggregation-induced construction of three-dimensional elastic network
while the terminal relaxation of PS macromolecules was not the determinant factor for DMP.

Keywords Multi-walled carbon nanotubes, Polystyrene, Dynamic modulus percolation



