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Fig. 1 Changes of (a) complex viscosity I # | and (b)
storage modulus G’ as functions of frequency for iPP-1 and 5

wt% CNTs/iPP-1 composite, and iPP-2 and 5 wt% CNTs/

iPP-2 composite, respectively
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Fig. 2 Changes of (a) tan§ as functions of frequency and (b) relaxation spectra H(7) measured at 200 C for iPP-1 and 5 wt% CNTs/

iPP-1 composite, and iPP-2 and 5 wt% CNTs/iPP-2 composite, respectively
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Fig. 3

SEM micrographs of etched cryo-fractured surfaces of

CNTs/iPP composites at low magnification ( etched by using
xylene, left panel) and high magnification ( etched by using
KMnO,/H,S0,/H; PO, mixture, right panel) , respectively

The concentration of CNTs in CNTs/iPP composites is 5 wt% .
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Fig. 4 Changes of (a) apparent shear stress and (b) apparent shear viscosity with apparent shear rate for iPP and 5 wt% CNTs/

iPP composites at the molten state

Table 1 The values of k and n for iPP and CNTs/iPP composites at

the molten state

Materials k (kPa-s) n R,
iPP-1 10. 4 0.36 0.9971
5 wt% CNTs/iPP-1 14.3 0.32 0. 9987
iPP-2 12.9 0.35 0. 9986
5 wt% CNTs/iPP-2 19.2 0.33 0.9978
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Fig. 5 Photos of extrudates for (A) iPP-1 (left image) and
5 wt% CNTs/iPP-1 composite ( right image) melts extrudated
at 180 °C and (B) iPP-2 (left image) and 5 wt% CNTs/
iPP-2 composite (right image) melts extrudated at 200 °C
under different shear rates; (a, e) at 100 s=', (b, ) at

500 s, (¢, g) at 1000 s " and (d, h) at 2000 s~
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Fig. 6  Changes of die swell ratio of extrudates with
different shear rate for (a) iPP-1 and 5 wt% CNTs/iPP-1
composite, and (b) iPP2 and 5 wi% CNTs/iPP-2

composite
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Fig. 7 Representative cross sections of extrudates: (A) iPP-1 (a, b) and 5 wt% CNTs/iPP-1 composite (¢, d) melt
extrudated at 180 C ; and (B) iPP-2 (a, b) and 5 wt% CNTs/iPP-2 composite (¢, d) melt extrudated at 200 C

The shear rates of extrudates are (a, ¢) 100 s~' and (b, d) 500 s~'. The dashed lines marked in the cross sections

indicate the die diameter of 1 mm.

Imm

(A)

Fig. 8 Representative cross sections of extrudates for (A)
5 wt% CNTs/iPP-1 composite and (B) 5 wi% CNTs/iPP-
2 composite melts at different shear rates of 1000 s ' (a)
and 2000 s ' (b)

The dashed lines marked in the cross sections indicate the

die diameter of 1 mm.
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STUDIES ON INFLUENCES OF VISCOELASTIC PROPERTIES ON
MELT EXTRUSION OF CARBON NANOTUBES-FILLED
ISOTACTIC POLYPROPYLENE COMPOSITES

. .. . -2 2 .
Jing-jing Yang', Hua-gao Fang', Ya-qiong Zhang', Wen-tao Shi’, Peng Chen’, Zhi-gang Wang'
(' CAS Key Laboratory of Soft Matter Chemistry, Department of Polymer Science and Engineering ,
University of Science and Technology of China, Hefet 230026 )

(* Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences, Ningbo 315201)

Abstract Studies on viscoelastic properties of two types of isotactic polypropylene (iPP-1 and iPP-2) and
their composites filled with carbon nanotubes ( CNTs) ( CNTs/iPP composites) were carried out by using
rheometer. The influences of viscoelastic properties on the melt extrusion behaviors of iPPs and CNTs/iPP
composites were further investigated by using capillary rheometer. The rheological results demonstrate that at
200 °C the viscosity and storage modulus G’ for iPP-1 are obviously lower than that for iPP-2. The appearance
of frequency-independent plateau of G’ at low frequencies and solid-like elastic behaviors for the CNTs/:PP
composites containing CNT mass fraction of 5 wt% indicate the formation of entangled CNT networks in the
composites. Both iPPs and CNTs/iPP composites exhibit prominent shear-thinning behaviors and the
composites exhibit relatively higher viscosities and shear stresses than their iPP counterparts. The extrudate
distortion and die swell for CNTs/iPP composite melts decrease compared with iPPs due to the formation of
CNT networks in the composites. Although the die swell can still be observed at the high applied shear rates for
the CNTs/iPP composite with the relatively high viscoelastic iPP-2 as the matrix, an appreciable phenomenon
of “die shrinkage” rather than the common “die swell” at the low applied shear rates is observed for this
CNTs/iPP composite. More interesting, the particular “die shrinkage” phenomenon is observed at all the
applied shear rates for the CNTs/iPP composite with the relatively low viscoelastic iPP-1 as the matrix. The
above results can be explained by that the CNT networks in the composites under shear might be able to restrict
the deformation and elastic relaxation of iPP chains,which have the relatively low viscoelastic properties.

Keywords Polypropylene, Carbon nanotubes, Networks, Rheology, Die shrinkage



