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Abstract: Rice husk flour (RHF) reinforced recycled polystyrene composites were prepared by a co-rotating twin screw
extruder and were injection molded to various specimens. Four levels of RHF loading (30, 40, 50, and 60 wt%) were
used. Thermal property of composites was improved only over 485 °C that was due to the higher silica content of RHF.
Both tensile strength and elongation at break of composites reached the maximum at the 30 wt% of RHF. Flexural
strength showed the best results with both 40 and 50 wt% RHF loadings. Tensile and flexural modulus of composites
increased with the increase of RHF content. Notched Izod impact strength also increased with RHF addition up to 60
wt%. There was no significant difference in the mechanical properties of composites reinforced with RHFs less than 180
pm, 180~500 pum, 500~850 pum, and less than 850 pum, respectively. The density of composites increased linearly with the
addition of RHF. A better dispersion of RHF and the strong interaction between RHF and polymer were confirmed by
scanning electron microscopy images.
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Table 1. Formulations of Rice Husk Flour Reinforced Recycled
Polystyrene Composites

Materials Recycled Rice husk Size distribution
polystyrene  flour (RHF) of RHF
rPS 100 0 -
rPS70 70 30
rPS60 60 40
Less than 850 pm
rPS50 50 50
rPS40 40 60
rPS50-L 50 50 500~850 um
rPS50-M 50 50 180~500 pm
rPS50-S 50 50 Less than 180 pm
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Table 2. TGA Parameters for Rice Husk Flour Reinforced
Recycled Polystyrene Composites

Materials Flriz (;j))eak Seco(r:g )peak Thlzudcp))eak R?j;g;:;
rPS - - 485.0 0.02
rPS70 358.4 399.0 489.7 9.51
rPS60 348.4 402.2 492.6 13.41
rPS50 347.2 399.2 4945 16.05
rPS40 344.2 401.9 501.5 20.53
RHF 342.2 404.7 - 29.99

*The residue was measured as a mass percent at 793 °C.
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Figure 1. (a) TGA; (b) DTG thermograms of rice husk flour rein-
forced recycled polystyrene composites.
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Table 3. Mechanical Properties of Rice Husk Flour Reinforced Recycled Polystyrene Composites

Tensile strength  Tensile modulus

Materials

Elongation at break  Flexural strength  Flexural modulus

Impact strength

(MPa) (GPa) (%) (MPa) (GPa) (J/m)
rPS 14.8(3.3) 3.12(0.14)) 0.50(0.04) 22.3(1.6) 2.96(0.24) 7.8(1.4)
tPS70 24.8(1.1) 3.37(0.23) 0.79(0.02) 424(3.2) 3.50(0.10) 10.1(0.9)
PS60 24.3(1.3) 3.74(0.20) 0.66(0.04) 46.6(1.7) 3.94(0.11) 10.3(0.6)
PS50 21.3(1.2) 4.05(0.08) 0.56(0.05) 46.5(1.1) 4.46(0.19) 10.8(1.1)
PS40 17.1(1.5) 3.26(0.26) 0.52(0.06) 38.2(1.9) 4.48(0.48) 11.3(0.6)
rPS50-L 20.8(1.0) 4.29(0.14) 0.50(0.04) 48.1(1.6) 4.49(0.22) 10.6(0.5)
rPS50-M 21.3(1.1) 4.14(0.06) 0.53(0.02) 46.9(0.5) 4.44(0.18) 11.3(0.3)
tPS50-S 22.0(1.0) 3.86(0.32) 0.59(0.08) 46.4(0.2) 4.43(0.04) 11.7(0.5)

*Standard deviations are included in parentheses.
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Figure 2. (a) Tensile strength; (b) tensile modulus; (c) elongation at
break of rice husk flour reinforced recycled polystyrene composites.
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Figure 3. (a) Tensile strength; (b) tensile modulus; (c) elongation at
break of rice husk flour reinforced recycled polystyrene composites
with different size distributions of rice husk flour.
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Figure 5. (a) Flexural strength; (b) flexural modulus of rice husk
flour reinforced recycled polystyrene composites with different size
distributions of rice husk flour.
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Figure 8. SEM images of rice husk flour reinforced recycled poly-
styrene composites: (a) rPS7O(RHF 30 wt%); (b) rPS60(RHF 40 wt%);
(c) rPS50(RHF 50 wt%); (d) rPS40(RHF 60 wt%).
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Table 4. Density of Rice Husk Flour Reinforced Recycled Polystyrene Composites

Materials PS rPS70 rPS60 rPS50 rPS40 RHF
Density(measured) 1.007(0.005) 1.091(0.021) 1.123(0.005) 1.166(0.031) 1.190(0.025) 1.3*
Density(calcualted) 1.007 1.095 1.124 1.154 1.183 -

*This value is given as the density of rice husk flour in the reference 22.
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Figure 9. SEM image of torn rice husk flour at the cross section of
rPS/RHF composite made by the flexural force.
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