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Effects of Bio-char Addition on the
Physico-mechanical and Weathering Properties of
Wood-Plastic Composites

Tung-Lin Wu>? I-Chieh Kuo® Ho-Chin Chen* Jyh-Horng Wu®

[ Abstract] In this study, bio-char, lauan (Shorea spp.) particle and high density polyethylene (HDPE) were used as raw
materials to manufacture wood-plastic composites (WPCs) with different mixture ratios. Effects of bio-char content on the
physico-mechanical and weathering properties of WPCs were evaluated by universal strength testing machine, accelerated
weathering tester, color difference meter and Fourier transform infrared spectroscopy, etc. The results showed that the WPCs
could be improving the dimensional stability and the moisture resistance by adding the bio-char. The modulus of rupture
(MOR) and modulus of elasticity (MOE) had no significant differences between WPCs with and without adding the bio-char,
but the internal bond and the wood screw holding strength could be enhanced by adding the bio-char. This result indicated
that the interface of plastic matrix and wood particle of WPCs could effectively improve with the addition of bio-char.
Furthermore, the addition of bio-char into WPCs not only had a less change in surface color but also had the higher strength
retention after accelerated weathering test. Accordingly, the weathering properties of WPCs could be effectively improved by
adding the bio-char.
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SRR EL (R BY R ( MOE retention ratio )
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(3) fEITEELTHMNGESEEE (Fourier transform infrared
spectroscopy, FTIR) 43t
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(1) EaRE WPC VRIS 2 $/

% 1 B HDPE ~ KHiL fi AW A EDR G EEES
WPC VEEMHE 2 2% - Rp R atb 2@ e H
TR B Ry 900 kg/m® > i EREHI BA &M B
% k5 870-1020 kg/m? o i E7/KH 51 » FHE 1 4%
R DGR S5 Z E7KRA L 4.1-9.2% 2 [ H
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SR - AR Z BRI RN > T SR
B Z E/KRIEE - LA > 72 HDPE SR EIE

Table 1. Effect of bio-char content on the physical properties of WPC

Specimen Density Moisture content Water absorption Thickness swelling
(kg/m®) (%) (%) (%)

WPC 037 1010+ 20° 9.2+0.3° 6.6+0.4" 01+06%
WPC 333 970 + 40 ® 7.4+03° 76+02" 33+05°
WPC 730 870+ 50° 6.0+0.3° 11.9+25% 149+152
WPC 046 1010+ 10°? 79+02° 4.1+0.1° 0.1+04°
WPC 343 960 + 50 @ 6.4+02°¢ 57+0.2° 15+ 0.5 ®
WPC 640 900 + 30 ™ 48+0.4% 157+ 4.3% 27+0.1"%
WPC 055 1020 + 10°? 6.3+03° 27+02°¢ 0.1+02°
WPC 252 950 + 10 ® 5.2 +0.1¢ 34+02°¢ 0.8+03%
WPC 550 930+ 20" 41+01° 39+01° 1.7+ 0.3

Values are mean = SD (n = 6). Different letters within a column indicate significant differences among groups

(p < 0.05).
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I - BEE YIRS BHVEI HEaMR s KRR
EFZ S TSR 3 SRR R A
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JEERZRR AN BT BUROK R FE R AR R A KR B
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(1) Vi &% WPC Hiki B 2 2%
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Pt NEM I R AR E R G 2 EEIERE 2
— R 2 BURAFIRSEEE G Z MOR 71t

T2~ YRS B WPCHIIRIEE ~ 22

8.9-21.8 MPa > HE= HDPE & &1 » MOR [i&E
Z bF - MAE HDPE & EAMAEER > ARG ZEE
#ME MOR #4life Z H&ts 5 fHEHIIE MOE J7
H > ZREtbE e MENREE 2 =8 HEEE
Frir 2.12-2.80 GPa 2] - SH—H1H @ &M 2N
TR R E M ERENEEIEE Y — EEES
2z P 58 S T )2 HIETE & i N B AR 2 S
HEEBEWE  E A EtEE v RS 2
PERTRME « 3R 2 S5R T[54 ININEYIR 2 EE
MRHEA 2 WA » H A a S S 7t s sk
M s > SRR G a s s FE SRR AR
Zalbt AT GRE S HDPE & &M NMIES - It
A RIESTORFE ) Bt R S EET I 104 2 B BafAh
FEE  HRTE Ry B PEE I S B G g A ik
15 - 2 2455 EUR  RANRG ZEGMREARER
PESTORFF ST HAE S A 919-997 N [ o Jdipk Lkt
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jj o

Table 2. Effect of bio-char content on the mechanical properties of WPC

. MOR MOE Internal bond Wood screw holding

Specimen

(MPa) (GPa) (MPa) strength (N)
WPC 037 89+1.2¢ 212+0.22° >3 741+ 85
WPC 333 17.0+ 30" 259+0.36%® >3" 919 + 58 ¢
WPC 730 18.1+2.3%° 2.76+0.31°2 1.4+0.2°¢ 710+ 71°
WPC 046 143+02°¢ 270+0.16%® >3 747 + 50 e
WPC 343 185+21%® 2.64+028% >3 945 + 58 &
WPC 640 17.6+0.9" 262+012%® 20+0.1° 754 + 45 €
WPC 055 185+0.3%® 2.80+0.24° >3 906 + 73 3
WPC 252 20.5+ 0.6 2 252+0.09%® >3" 997 + 492
WPC 550 21.8+1.2% 250+ 0.15%® 26+0.12 778 + 65 P

* Over adhesive line limitation (3 MPa).
Values are mean + SD (n = 6). Different letters within a column indicate significant differences among groups

(p < 0.05).
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Fig. 1. Effect of bio-char content on changes in various color parameters of WPC after accelerated

weathering for 1920 h.
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Fig. 2. Effect of bio-char content on FTIR spectra of WPC after accelerated weathering for 1920 h.
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Fig. 3. Effect of bio-char content on MOR retention
ratio of WPC after accelerated weathering for 1920 h.
Values are mean + SD (n = 3). Bars with different
letters indicate significant differences among groups at
p <0.05.
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