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Abstract: The mechanical properties of polypropylene (PP) composites, especially the effects of the filler
shapes on the modulus were studied. The experimental results were investigated and compared with
the theoretical approaches proposed by Lee and Paul and based on Eshelby’s principle, which three dimensional
ellipsoids were filled as filler and analyzed in terms of aspect ratio, p,=ai/az and gg=ai/az. The shapes
of fillers were observed by SEM and aspect ratios were statistically calculated. Young’s moduli in the
longitudinal and transverse directions for barium sulfate whose shape was sphere (g,=g=1) had the same
values, as predicted values. The modulus in the x; direction for a glass fibers increased as the filler content
increased, while the modulus in the x3 direction was increased relatively small. Furthermore, mica was also
used to investigate the effects of the primary and secondary aspect ratios on the mechanical properties.
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Figure 1. A composite formed from aligned ellipsoidal inclusions
(a>az>az) with two aspect ratio.
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Figure 2. Schematic views of inclusions with the shape of a
sphere(a); disc(b); fiber (c); ellipsoid(d) with their orientation
relative to sample axes.
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Table 1. Material Properties of Polymer Matrix and Various
Fillers'"’

Materials Density Modulus Poisson's
(Kg/m®) (GPa) ratio
PP 910 1.9 0.38
BaSO4 4430 58.9 0.33
G/F 2600 72.4 0.2
Mica 2760 172 0.25
10cm
dcm
cm 10cm
FD dcm
MD
TD |
) M "
dcm 2cm dcm

Figure 3. A specimen with the size of 2 cm X2 cm cut 4 cm away
from the edge of HVIS specimens for a morphology analysis.
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Barium sulfate

Parallelto FD  Parallel to ND Parallel to TD
(TD-ND plane) (TD-FD plane) (FD-ND plane)

Parallelto FD  Parallel to ND Parallel to TD
(TD-ND plane) (TD-FD plane) (FD-ND plane)
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Parallel to FD
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Figure 4. Schematic view of the alignment of filler in the com—
posites as a view point.
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Figure 5. Image of SEM for the PP/composites filled with 10

wt% of mica parallel to ND (a); parallel to FD (b); schematic
illustration of the length (um) (c); thickness (um) (d).
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Figure 6. Histogram of mica filler length (a); filler thickness (b)
in PP/mica composites.
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Table 2. Statistical Results Obtained for SEM Micrographs of
Injection Molded Composites of PP/Various Fillers(10 wt%)

Filler type  Direction I 1, t te L)L L/t
Barium ParalleltoFD 049 059 046 054 106 1.09
sulfate Parallelto TD 043 052 042 049 102 1.06

ParalleltoND 042 054 041 052 102 1.03
Glass ParalleltoFD 14.8 153 136 142 108 1.07
fiber Parallelto TD 472 541 129 131 36,6 413
ParalleltoND 472 541 157 158 301 343
Parallel to FD 38 55.1 309 432 123 127
Mica  Parallelto TD 406 541 319 4.05 127 134
ParalleltoND 479 60.2 282 358 169 1.68

Number average of filler length (um) : /,

Weight average of filler length (um) : /,

Number average of filler thickness (um) : t_n
Weight average of filler thickness (um) : ¢, ~
Number average aspect ratio of filler (um) : tl 1,

Weight average aspect ratio of filler (um) : z,./ /,,

Table 3. Aspect Ratios of Various Fillers

Materials Aspect Filler content (wt%)
ratio 5 10 20 30
BaSO, Primary 1.2 1.1 1.2 1.0
G/F Primary 42 37 25 20
. Primary 14.9 13 15.7 10.3
Mica
Secondary 1.5 1.7 2.1 2.1
Barium sulfate content(wt%)
0 5 10 15 20 25 30
20 T T T T T T T
18y Barium sulfate
161
14} py=1

Longitudinal modulus ratio, E11/Em

0.6r

Barium sulfate content(Vol%)

Figure 7. Comparison of longitudinal Young’s modulus ratio,
E11/ By, of experimental data with the theoretical prediction as
a function of the content of barium sulfate.
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Figure 8. Comparison of longitudinal Young’s modulus ratio,
E11/Eq(a); transverse Young’s modulus ratio, Eos/Ey(b) of
experimental data with theoretical prediction as a function of
the content of glass fiber.
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Figure 9. Comparison of longitudinal Young’s modulus ratio,
E1/En(a); transverse Young’s modulus ratio, Ess/Fn(b) of ex—

perimental data with theoretical prediction as a function of the
content of mica.
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