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The data of G'and G"are vertically shifted by a factor of 10" ; The solid curves are calculated according to Eq. (1) and Eq. (2).
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Fig. 2 G'(solid symbol) and G"(hollow symbol) 1G" | Ip" | and tand against w for PS/MWCNTSs composites at 200°C (a) and 220°C (b)

The data of G'and G"are vertically shifted by a factor of 10" ; The solid curves are calculated according to Eq. (1) and Eq. (2).

Table 1 Fitting parameters for the two phase model

A(@) G’y () (Pa) G"y (@) (Pa) a

¢ 180°C 200°C 220°C 180°C 200°C 220°C 180°C 200°C 220°C 180°C 200°C 220°C
0. 005 1.02 1.16 1.22 2 4 15 4 3 3 0. 67 0.70 0. 65
0.010 1.08 1.21 1.22 105 40 35 20 38 40 0. 60 0. 65 0.59
0.015 1.33 1. 40 1. 41 305 200 140 30 85 115 0.55 0.63 0.55
0. 020 1.52 1. 64 1.43 600 280 250 45 110 240 0.47 0. 60 0.49
0.025 2.40 1.76 1. 44 1200 760 550 50 400 500 0.45 0.43 0.43
0.030 2.75 2.00 1.48 3700 1550 1100 580 700 800 0.34 0.38 0.36
0.035 4.55 2.70 1.50 6500 4500 1900 1100 1120 1150 0.32 0.35 0.32
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Fig. 7 TEM graphs of PS/MWCNTs composites with ¢ =0.010 (a) ¢ =0.020 (b) ¢ =0.030 (c¢) and ¢ =0.035 (d)
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DYNAMIC RHEOLOGICAL PROPERTIES OF POLYSTYRENE/MULTI-WALLED
CARBON NANOTUBES COMPOSITES

GUAN Aizhi' > SONG Yihu' TAN Yegiang' ZHENG Qiang'
(' Department of Polymer Science and Engineering Key Laboratory of Macromolecular Synthesis and Functionalization of Ministry of
Education Zhejiang University Hangzhou 310027)

(C School of Mechanical and Automotive Engineering Zhejiang University of Science and Technology Hangzhou 310023)

Abstract Dynamic rheological properties of multi-walled carbon nanotubes ( MWCNTSs) filled polystyrene
(PS) melt were investigated in relation to a two phase model proposed by authors. The linear viscoelastic
behavior of the composites is related to the strain amplification effect of the bulky polymer phase far away from
the filler inclusions and the relaxation of the filler phase. Dependence of strain amplification factor (A4;) on
MWCNTSs volume fraction (@) at different temperatures accords with the diffusion—controlled cluster—cluster
aggregation (CCA) model. At ¢ <0.020 MWCNTSs are rather homogeneously dispersed in the matrix and no
remarkable change appears in the relation between A, and ¢ with increasing temperature. A, decreases obviously
with increasing temperature at higher ¢ where MWCNTSs form cluster aggregates. Characteristic dynamic moduli
(G',, and G",) of the filler phase as a function of temperature follow Arrhenius law with the corresponding
activation energies (E', and E”,) varying discontinuously at ¢ = 0.025 suggesting that the temperature
dependence of viscoelasticity of the homogeneously dispersed MWCNTs at ¢ <0.020 is considerably different
from that of the MWCNTs percolation network at ¢ >0. 025. The viscoelastic percolation is closely related to the
conduction percolation and the discontinuous variations of activation energies in ¢ range from 0. 020 to 0. 025
appear in the vicinity of the upper limit of the conduction percolation threshold. The dispersion of MWCNTs in
the matrix has been verified in transmission electron microscope (TEM) observation.

Keywords Two phase model Multi-walled carbon nanotubes Polystyrene  Composites Dynamic

rheological properties Percolation



