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Abstract: Experimental study was performed regarding the effects of disc-like filler orientation and contents on
the coefficient of thermal expansion (CTE) of polypropylene composites using the three dimensional ellipsoids
(a; > a, > a;) analyzed by two aspect ratios(p, = a,/a; and pg = a,/a,). Measured data were compared with the
theoretical approaches proposed by Lee ef al. Mica and talc were useed as disk-like fillers in the composites. As
experimental results, a,,/a,, decreased down to ca. 0.56 with mica content of 20 wt% and the aspect ratios,
po = 13.5, ps=1.8. However, as3/al, increased to more than 1. In the case of talc, o /a, decreased to ca. 0.63
with 20 wt% and p, =3.7, ps = 1.4. Finally, the longitudinal CTEs (a,,) of polypropylene composites decreased
as filler contents increased, but normal CTE (ot3;) increased in the low filler contents like the theory.

Keywords: coefficient of thermal expansion, aspect ratio, composite, PP, filler.
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Figure 1. Aspect ratio views of inclusion with the shape of ellipsoid.
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Table 1. Material Properties of Polymer Matrix and Various
Fillers'?'

Materials De13lsity , Linezy; ; Poisson’s
Kg/m’(g/m’) CTE x 10™(K™) ratio
PP 910(0.91) 105 0.38
Mica 2760(2.76) 8.0 0.25
Talc 2700(2.70) 8.2 0.23
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Table 2. Aspect Ratios of Various Fillers

Aspect Filler content (wt%)
ratio 510 20 30
Vol% 171 353 7.62 1238
Mica Primary 149 13 15.7 103 13.5
Secondary 1.5 1.7 21 2.1 1.8
Vol% 1.74 361 7.77 12.62
Talc Primary 39 34 39 3.5 3.7

Secondary 1.4 1.6 1.3 1.2 14
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Figure 2. Images of SEM for the PP/mica composites parallel to ND
(a); parallel to FD (b); schematic illustration of the length(pum) (c);
thickness(pim) (d) of filler particles of 10 wt% of mica.
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Figure 3. Images of SEM for the PP/talc composites parallel to ND
(a); parallel to FD (b); schematic illustration of the length(um) (c);
thickness(pim) (d) of filler particles of 10 wt% of talc.
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Figure 4. Comparison of longitudinal CTE ratio, o,/0t,,(2); transverse
CTE ratio, 0L,,/0l,(b); normal CTE ratio, 0t33/0t,(c) of experimental
data with theoretical prediction as a function of the content of mica.
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