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Research paper

Effects of Density on Physicomechanical and Biodegradable

Properties of Bamboo-Polylactic Acid Composites
Tung-Lin Wu'? Tsai-Yung Chen' Jyh-Horng Wu"’

[Abstract] In this study, makino bamboo (Phyllostachys makinoi) residue and recycled polylactic acid
(rPLA) were used as raw materials to manufacture bamboo-PLA composite (BPC). Effects of density
on flexural, thermal and biodegradable properties of BPC were evaluated by universal testing machine,
differential scanning calorimetry (DSC), gel permeation chromatography, and color difference meter, etc.

These results showed that the water absorption of BPC decreased and the modulus of rupture (MOR) and
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modulus of elasticity (MOE) of BPC increased with increasing composite density. Among all BPCs, the
BPC with a density of 900 kg/m® exhibited the strongest MOR (26.1 MPa) and MOE (3.9 GPa). As for the
biodegradability, after 360 d of burial soil test, the BPC with a density of 500 kg/m’ exhibited the highest

mass loss (44%). This phenomenon may be correlated with water absorption behavior of composites.

Regardless of BPC density, the number-average molecular weight (M,) of PLA matrix in BPC decreased
with increasing degradation time. As an example of the BPC with a density of 700 kg/m’, the M, of rPLA
decreased from original 42 to 16 kg/mol after 360 d of burial soil test. This result indicated that BPC can be

degraded effectively undergoing burial soil test.

[ Key words] Bamboo-PLA composite, Density, Physicomechanical properties, Mass loss, Biodegradable

properties.
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Fig. 1. Mass loss of BPC with various densities during 360 d of burial soil test.
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Fig. 2. Effects of density on water absorption (A),
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capital letters indicate significant differences

(p<0.05).
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Fig. 3. MOR (A) and MOE retention ratios (B) of BPC with various densities during 360 d of burial soil

test.
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Fig. 4. Surface color changes of BPC with various densities during 360 d of burial soil test. (A): AL*, (B):
Aa*, (C): Ab*, (D): AE*.
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Fig. 5. Molecular weight distribution changes of BPC with a density of 500 kg/m’ during 360 d of burial soil
test.
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1. TIEHEHEIH 500 ke/m’ BPCEEE 2 %
Table 1. Effects of burial soil test on thermal properties of BPC with a density of 500 kg/m’

TR PLIRAE SR B B B IR R 2 S

Degradation T, T, AH, T T2 AH,, rPLA content Xe
time 0 0 (/g O O (/g) (%) (%)
0d  565%03" 1235+1.0° 90+12 - 1487 £ 04" 9009 484 £03" 398 +5.0°
15d 544 £24° 1195 £5.1° 124 +44° - 1469 £22° 115 £ 44" 489 £ 1.1° 528 +17.9"
45d 524 414" 1057 £3.1° 124 £43° 140.1 £ 1.7° 149.1 £ 0.6 21.7 £ 2.5 493 £0.7° 742 +32°
90d  455£04° 9294 0.6° 192+ 02" 128.8 +04° 141.9 £ 0.3 209 £ 0.8° 49.1 + 03" 87.8 £2.2°
180d 499 + 1.3 96.8 + 1.0 10.8 £ 3.4 137.6 £ 1.8° 1479 £ 1.3* 26.6 +3.3* 503 £0.8° 79.9 £9.2°
360d 511 +43° 1062 +6.3° 21.7 £42° 137.6 £ 74" 1471 £55° 236+ 4.1° 70.7 £74° 702 + 185"

The size and content of bamboo particle within BPC are 30-60 mesh and 50 wt%, respectively. Values are
mean = SD (n = 3). Different letters within a column indicate significant difference (p<<0.05).
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BPC i #E I RF 1590 diF » A i ik B 2 1 Rl
T o S R R A G A AT R K g
FIREfE o kb4 > BPCHIrPLA & & B 5 B IRE [
360 dHT/NIEN60.4% .24} » HERIIHIES50% - [H]
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Table 2. Effects of burial soil test on thermal properties of BPC with a density of 700 kg/m’

Degradation T, T, AH, T Tro AH,, rPLA content Xe
time 0 0 (/g (O O (Vg) (%) (%)
0d 552407 1198 £28" 141 +£28 - 146.6 + 2.0° 14.0 £2.9" 48.6 £ 05" 62.0 + 11.4°
15d 538+ 1.6° 1119 £58° 175+ 1.3 - 143.9 £ 3.4° 189 £ 1.7° 515+ 0.7° 76.0 + 5.7°
45d 542 £02° 1140 £ 19" 148 £ 1.7° - 146.1 0.8 17.8 £23" 494 £ 0.8 71.1 +8.3°
90d 51805 1074 £23° 185 +£32" 1409 £ 1.9" 1492 + 0.4° 24.1 + 1.4® 50.2 + 1.8 91.2 £ 10.0°
180d 534+ 09" 109.6 + 3.6° 16.0 + 33" 142.8 £ 23" 1499 +0.7° 20.1 = 1.4 494 +0.7° 784 + 9.0°
360d  51.6 09" 106.0 £ 3.7 22,6 £69° 139.1 £2.1° 1482 + 1.1 243 £ 63 604 £ 2.1° 832 +21.1°

The size and content of bamboo particle within BPC are 30-60 mesh and 50 wt%, respectively. Values are
mean = SD (n = 3). Different letters within a column indicate significant difference (p<<0.05).
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3. IR 900 kg/m’ BPCEVEHE 2 8

Table 3. Effects of burial soil test on thermal properties of BPC with a density of 900 kg/m’

Degradation T, T, AH, T T2 AH,, rPLA content Xe
time 0 0 (/g O O (/g) (%) (%)
0d 550+ 1.7° 120.8 + 2.6 10.0 £ 0.4° - 147.0 + 1.9 11.6 £ 1.1° 489 £03" 475423
15d 540 + 1.6 116.6 + 7.1° 13.1 = 1.5 - 146.1 £23* 149 £33 494 + 04" 60.8 + 8.0"
45d 526 £23" 1112 £5.0° 141 £2.0° - 144.1 £2.8" 189 £ 2.3 49.1 £ 0.8 72.5 + 8.6°
90d 523 £0.8° 1113 £2.0° 141 £ 2.1° - 1442 £ 13" 198 £22% 497 £ 04" 734 £ 9.1°
180d 492 + 1.6° 103.6 +4.9° 18.0 = 1.9° 137.6 34" 1467 £2.5° 21.5 £ 1.2° 49.9 + 1.0° 85.0 £ 6.4°
360d 528 £ 041074 £2.8° 157 £ 12" 1419 £ 1.4 1499 £ 0.7 239 +41° 51707 825%9.7

The size and content of bamboo particle within BPC are 30-60 mesh and 50 wt%, respectively. Values are
mean = SD (n = 3). Different letters within a column indicate significant difference (p<<0.05).
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