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Abstract: The effects of the filler shapes and contents on the coefficient of thermal expansion (CTE)
for polypropylene (PP) composites which included three dimensional ellipsoids (a;>az>a3), as determined
by two aspect ratios (p,=ai/az and py=ai/az) were analyzed by the theoretical approach proposed by
Lee and Paul and compared with the experimental results. The shapes of fillers in the composites
were various, such as spherical, fiber, disc, and ellipsoid, using barium sulfate, glass fiber, and mica. The
longitudinal CTE of barium sulfate whose shape was sphere (p,=p=1) decreased. For the glass fiber,
primary aspect ratio decreased with the filler content, and longitudinal CTE decreased as filler contents
increased. Normal CTE initially increased in the lower filler content. For the mica, longitudinal and
transverse CTE decreased but normal CTE increased in the lower filler content like predicted values.

Keywords: coefficient of thermal expansion, aspect ratio, PP composite, filler.
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Figure 1. Schematic views of inclusions with the shape of a
sphere(a); disc(b); fiber (c); ellipsoid(d) with their orientation
relative to sample axes.

Table 1. Material Properties of Polymer Matrix and Various
Fillers'"™"

Materials Depsity , Linear CTEX10™®  Poisson’s
Kg/em® (g/cm?®) K™ ratio
PP 910(0.91) 105 0.38
BaSO, 4430(4.43) 20.7 0.33
Glass fiber 2600(2.6) 5.0 0.2
Mica 2700(2.76) 8.0 0.25

Flow direction
Aspect ratio

Py =121 /a3

,0'3=31/32

Figure 2. Aspect ratio views of inclusion with the shape of
ellipsoid.
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Figure 3. Schematic views of the shapes of filler particles (a)
PP/BaSO4; (b) PP/GF; (¢) PP/mica.

Table 2. Aspect Ratios of Various Fillers

Materials Aspect Filler content (wt%) Average
ratio 5 10 20 30 g
BaSO4 Primary 1.2 1.1 1.2 1.0 1.1

Glass fiber  Primary 42 37 25 20 -
Primary 14.9 13 15.7 10.3 13.5

Mica oo ondary 15 17 21 21 1.8
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Figure 4. Comparison of longitudinal CTE ratio, ai1/om, of
experimental data with theoretical prediction as a function of
the content of barium sulfate.
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Figure 5. Comparison of longitudinal CTE ratio, a11/am(a) ; normal
CTE ratio, asy/am(®); bulk CTE ratio, y/3a,(c) of experimental
data with theoretical prediction as a function of the content of
glass fiber.
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Figure 6. Comparison of longitudinal CTE ratio, a11/am(a); transverse CTE ratio aso/apm (b): normal CTE ratio, ass/am (¢); bulk CTE
ratio, y/3am(d) of experimental data with theoretical prediction as a function of the content of mica.
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