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Abstract: Recycled high impact polystyrene powder and rice husk flour (RHF) were melt mixed with a twin-screw extruder
or blended in a mixer, then injection molded to measure the mechanical properties. Four RHF contents (5, 10, 15, and
20 wt%) were used for melt mixing, and three RHF contents (10, 15, and 20 wt%) were used for direct injection. The
heat resistance of the composite was enhanced above 485 C due to the decomposition residue of RHF. The tensile and
flexural strengths of the composite manufactured by melt mixing showed maximum values at 5 wt% RHF content, and
the tensile and flexural moduli increased in proportion to the RHF content. In addition, as the RHF content increased,
the notched Izod impact strength decreased, but the density increased. Dispersed RHF particles were shown in the scan-
ning electron microscopy (SEM) images. For directly injected composites, mechanical properties, excluding elastic mod-
ulus, were lower than those of melt-blended composites. This study demonstrated that recycled high-impact polystyrene
powder and RHF can be used to produce environmentally friendly and cost-effective products.
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Table 1. Physical and Mechanical Properties of Virgin High Impact Polystyrene (HIPS) and Rice Husk Flour*™*

. Tensile strength Tensile modulus  Elongation at  Flexural strength Flexural modulus Impact strength ~ Density
Materials
(MPa) (GPa) break (%) (MPa) (GPa) (J/m) (g/cm’)
Virgin HIPS* 24.5 - 40 37.24 1.86 78.4 1.03
RHF 55 22 275 19.43 2.86 - 1.3

*HIPS MIB 237 grade of Keumho petrochemical company.
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Table 2. TGA Parameters for Rice Husk Flour Reinforced Recycled
High Impact Polystyrene Composites

Peak due to RHF  Peak due to HIPS Residue®

Materials Degradation (C)  Degradation (C) (Wt%)
rHIPS - 484.3 0.21
rHIPS95 - 485.4 1.83
rHIPS90 395.2 486.1 291
rHIPS85 392.5 489.6 4.76
rHIPS80 389.9 492.1 6.52
RHF 390.5 - 32.0

“The residue was measured as a mass percent at 791 C.
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Figure 1. TGA (a) and DTG (b) thermograms of rice husk flour
reinforced recycled high impact polystyrene composites.
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Figure 2. Specimens for tensile testing.
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Table 3. Mechanical Properties of Rice Husk Flour Reinforced Recycled High Impact Polystyrene Composites

Tensile strength ~ Tensile modulus

Materials

Elongation at break Flexural strength

Flexural modulus Impact strength

(MPa) (GPa) (%) (MPa) (GPa) (J/m)
Injection molded after twin-screw extrusion compounding
rHIPS 13.7(2.2) 3.02(0.59) 6.1(1.1) 27.0(0.8) 1.85(0.25) 314(3.2)
rHIPS95 16.0(0.1) 3.72(0.09) 13.4(4.0) 31.1(0.4) 2.54(0.22) 26.2(2.7)
rHIPS90 15.2(0.3) 3.92(0.12) 13.2(1.9) 30.9(0.6) 2.69(0.28) 24.8(2.5)
rHIPS85 14.7(0.1) 4.04(0.03) 12.1(3.0) 30.2(0.5) 2.72(0.27) 18.4(1.9)
rHIPS80 13.3(1.1) 4.27(0.13) 3.6(0.5) 29.9(0.6) 2.95(0.31) 13.9(1.4)
Directly injection molded
rHIPS90 14.1(1.0) 4.07(0.18) 5.9(1,8) 28.7(0.4) 2.81(0.41) 18.3(1.3)
rHIPS85 13.8(0.9) 4.15(0.24) 5.7(1.7) 27.4(0.5) 2.55(0.06) 13.8(1.0)
rHIPS80 12.1(0.9) 3.69(0.13) 5.6(1.2) 26.8(0.3) 2.49(0.04) 12.3(0.5)

*Standard deviations are included in parentheses.
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Figure 3. Tensile properties of rice husk flour reinforced recycled

high impact polystyrene composites: (a) tensile strength; (b) tensile

modulus; (c) elongation at break.
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Figure 4. Flexural properties of rice husk flour reinforced recycled
high impact polystyrene composites: (a) flexural strength; (b) flex-
ural modulus.
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Table 4. Density of Rice Husk Flour Reinforced Recycled High Impact Polystyrene Composites

Materials rHIPS rHIPS95 rHIPS90 rHIPS85 rHIPS80 RHF
Density (measured) 0.980 (0.001) 0.995 (0.005) 1.002 (0.023) 1.021 (0.001) 1.040 (0.017) 1.3
Density (calculated) 0.980 1.010 1.012 1.028 1.044 1.3
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Figure 6. SEM image of rice husk flour raw material (AA type pro-
vided by Saeron filler company limited).
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Figure 7. SEM images of rice husk flour reinforced recycled high impact polystyrene composites: (a) rHIPS85 (injection molded after melt

compounding); (b) rHIPS85 (injection molded after dry blending).
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