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Polypropylene/Vapor Grown Carbon Fiber Composites by Melt
Compounding and Their Applications to Manufacture a Monofilament
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Yoshiyuki Iemoto !

*! Graduate School of Engineering, University of Fukui, 3-9-1, Bunkyo, Fukui 910-8507, Japan

Abstract : We try to prepare Polypropylene (PP) / Vapor Grown Carbon Fiber (VGCF) composites by
melt compounding using a twin-screw extruder. First, we discussed the effect of an additive on the
tensile properties and the dispersion state of VGCF in the composite. Maleic anhydride grafted
Polypropylene (MA-PP) was employed as an additive. The Young's modulus and tensile strength of
PP/VGCF composite increased a little by adding a small amount of MA-PP. According to VGCF
length distribution in the composites, the average length of VGCF in PP/MA-PP/VGCF composite
was larger than that in PP/VGCF one because the miscibility between PP and VGCF may improve by
adding MA-PP. Next we discussed the utility of PP/VGCF composite to the monofilament spinning
process as one of the applications for PP/VGCF composites. The Young's modulus and tensile strength
of PP/VGCF monofilament increased with draw ratio. However, the tensile properties of PP/VGCF
monofilament at draw ratio of 9 did not improve by adding a small amount of MA-PP as an additive.
The addition of MA-PP may cause some disturbances of the crystallization during draw process.
(Received 30 April, 2010; Accepted 7 May, 2010)
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Fig.1 Schematic diagram of apparatus used for
preparation of composite monofilaments
and strands based on PP.
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Table 2 Compounding ratios.

Cases PP MA-PP VGCEFE-S
Case 1 100 0 0
Case 2 96 4 0
Case 3 99 0 1
Case 4 95 4 1

Table 1 Materials used in this study.

Materials Supplier Specification
Polypropylene Sumitomo Chemical ~Mw =221,000
(PP, W151) Co., Ltd. Japan MFR = 8 g/10min
Diameter= 100 nm
Vapor-grown carbon fiber Showa Denko
Length = 10000 nm
(VGCEF-S) K. K., Japan

Aspect ratio = 100

Maleic anhydride grafted
Polypropylene

(MA-PP, Umex1010)

Sanyo Chemical
industries,
Co., Ltd. Japan

M,,= 30,000
About 10 wt% maleic anhydride
units were grafted in MA-PP
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Fig.2 Tensile strength and Young’s modulus
of various PP/VGCF-S composite and PP
strands prepared by melt compounding.
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Fig.3 X-ray diffraction results of various

PP/VGCF-S composite and PP strands
prepared by melt compounding.
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Fig.4 SEM observation results of PP/VGCF-S
and PP/MA-PP/VGCF composite strands
on the fracture cross-section after tensile
testing. VGCEF-S contents are 1 wt%.
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Fig.5 Complex viscosity versus frequency for
various PP/VGCF-S composite and PP
melts at temperature of 200 deg C.

Table 3  Zero-shear viscosity of various
PP/VGCF-S composite and PP melts at
temperature of 200 deg C
Material 1, (Pas)

PP 2435
PP/VGCF-S 2883
PP/MA-PP 869.8

PP/MA-PP/VGCF-S 1946
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Fig.6  Length distribution of VGCF-S in
PP/VGCF-S and PP/MA-PP/VGCEF-S
composite strands and that before
compounding.
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Fig.7 Tensile properties as a function of draw
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Fig.8 X-ray diffraction results for various
PP/VGCF-S and PP composites
monofilament at draw ratio of 9. The data
for PP strand at draw ratio = 1 is included
in this figure.
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