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Physicomechanical Properties of Wood-Plastic
Composites Made from Pinus taiwanensis
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[Abstract] This study investigated the effect of wood particle size, wood particle content and extractive
on physicomechanical properties of wood-plastic composites (WPC) made from Pinus taiwanensis, a native
tree in Taiwan. Results demonstrated that the mechanical properties decreased with decreasing wood particle
sizes or increasing wood particle contents. With the MOE, the modulus increased as the amount of wood
particle increased up to 30% and then leveled off or remained constant up to 60%. Once the wood particle
loading exceeded 60%, a significant decrease in the modulus was observed. Accordingly, for mechanical
and economic considerations, the WPC with 60 wt% of wood particles (6-16 mesh) should be a suitable

formulation. On the other hand, the thickness swelling of the WPC made from extracted wood particle
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was higher than that made from unextracted one, but the MOR and wood screw-holding strength of

resulting WPC made from extracted wood particle were stronger than the other one. These results

indicate that extractives of P. taiwanensis might have a negative effect on the interfacial properties

between wood particles and polymeric matrix, and resulted in a significant decrease in MOR and

wood screw-holding strength of WPC.

(Key words ] Pinus taiwanensis, Wood-plastic composites, Extractive, Physicomechanical properties,

Interfacial properties
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Table 1. Effects of wood particle size on physical properties of WPC

Wood particle Density Moisture Water absorption  Thickness swelling
size (mesh) (kg/m’) content (%) for 24 hr (%) for 24 hr (%)
6-16 891 + 36° 3.8+£0.3" 11.6+4.4° 45+0.7°
16-24 894 + 24 3.8+0.3" 152+£3.5% 4.1+£04
24-30 878 +£33° 4.1+£0.3° 16.4+4.1* 4.0+0.9
30-60 870 +32° 4.1+£0.3° 253+1.9° 51+0.7°

Values are mean + SD (n = 5). Different letters (a, b) in superscript indicate significant difference among groups (p < 0.05).
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Fig. 1. Effects of wood particle size on MOR and MOE of WPC. Values are mean + SD (n = 5).
Different letters indicate significant difference among groups (p < 0.05).
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Fig. 2. Effects of wood particle size on internal bond strength and wood screw-holding strength of

WPC. Values are mean + SD (n = 5). Different letters indicate significant difference among

groups (p < 0.05).
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Table 2. Effects of wood particle content on physical properties of WPC

Wood/HDPE Density Moisture Water absorption  Thickness swelling
(Wt%) (kg/m’) content (%) for 24 hr (%) for 24 hr (%)
20/80 886 +23° 0.8+0.2¢ 1.0+0.1¢ 1.3+0.1¢
30/70 902 +9° 1.1+0.3* 1.5+£0.2¢ 1.4+£0.2°
40/60 900 + 3° 2.0+£0.2¢ 2.8+0.3¢ 2.3£0.6°
50/50 917+ 5° 3.1+£0.4¢ 5.4+1.2% 2.7+0.2%
60/40 891 + 36° 3.8 4+0.3" 11.6 4.4 45+0.7
70/30 918 + 33° 44+£0.2° 16.0+£3.7° 79+£14°
80/20 883 +£43° 54+0.7 432 +3.5° 17.2+1.8

Values are mean + SD (n = 5). Different letters (a-e) in superscript indicate significant difference among groups (p < 0.05).
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Fig. 3. Effects of wood particle content on MOR and MOE of WPC. Values are mean + SD (n = 5).
Different letters indicate significant difference among groups (p < 0.05).
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Fig. 4. Effects of wood particle content on internal bond strength and wood screw-holding strength

of WPC. Values are mean + SD (n = 5). Different letters indicate significant difference among

groups (p < 0.05).
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Table 3. Physicomechanical properties of WPC made from unextracted and extracted P. taiwanensis

particle

Wood particle ' WA* (%)  TS**(%) MOR (MPa) MOE (GPa) IB (MPa) WS (N)

Unextracted  11.6 = 4.4° 45+0.7 17.3+0.5° 1.5+0.2° 2.4+0.1" 848.5+53.6"
Extracted 17.6 +4.8" 73+£1.5° 20.8+1.4° 1.6 £0.1° 22+£0.3*  970.2+56.0°

* WA: Water absorption for 24 hr; ** TS: Thickness swelling for 24 hr.
Values are mean + SD (n = 5). Different letters (a, b) in superscript indicate significant difference among groups (p < 0.05).
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Fig. 5. FTIR spectra of unextracted wood particles (a), extracted wood particles (b), and extractives

(c) of P. taiwanensis.
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