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[ Abstract] In this study, Makino bamboo (Phyllostachys makinoi) residue and polylactic acid
(PLA) were employed to manufacture the biodegradable bamboo particle-PLA composite (BPC).
In order to obtain an optimal formula for composite processing, the physicomechanical properties
of BPC were determined as functions of bamboo particle size, bamboo particle content and bio-
based lubricant content. Results demonstrated that the BPC with bamboo particle of -6+16 mesh
exhibited the strongest MOR and the lowest water absorption. In addition, the tensile modulus
and storage modulus (rubbery plateau) were significantly improved when the PLA reinforced
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with bamboo particle. On the other hand, the water absorption resistance, dimensional stability
and storage modulus of BPC could be increased by adding the bio-based lubricant at weight

fraction of 2-4%.

[Keywords) Bamboo particle-PLA composite, Biodegradable, Bio-based lubricant,
Physicomechanical property, Storage modulus
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Table 1 Effects of bamboo particle size on physical properties of BPC
2 h soaking 24 h soaking
Bamboo Densit Moisture
particle ker;sny content Water Thickness Water Thickness
size (mesh) (kg/m’) (%) absorption swelling absorption swelling
(%) (%) (%) (%)
-6+16 986 = 23° 33+04* 22+06°" 3.0+08° 75+14° 45+10°
-16+24 1019 +62* 3.0+ 0.2° 65+29% 39+12° 93+28"™ 50+10°
-24+30 1002 + 40* 34 +02% 9.0+25° 39+04° 125+28% 48+06°
-30+60 970 £31* 38+01°" 10.7+30° 31+06° 152 +2.8° 47 £04°

The content of bamboo particle within BPC is 50 wt%. Values are the mean £ SD (n = 5). Different letters within a column indicate

significant differences at P <0.05
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Table 2 Effects of bamboo particle size on flexural and tensile properties of BPC

Flexural properties

Tensile properties

Bamboo
ole si .
par(tr::eghs)lze MOR MOE Strength Modulus EIO%%Z‘;'IS” at
(MPa) (GPa) (MPa) (GPa) (%)
-6+16 387 £24° 31+04° 23.0 £ 26° 33+01° 09+01°
-16+24 288 £ 22" 26+02° 201 +61%° 34+04° 08+01°
-24+30 29.1 + 45° 31+04° 16.8 £3.8% 29+04% 08+0.1°
-30+60 258 & 25° 25+03° 147 +£26° 25+03° 08+01°

The content of bamboo particle within BPC is 50 wt%. Values are the mean £ SD (n = 5). Different letters within a column indicate

significant differences at P<0.05



—618—

3. Mtk v RST$IBPCEMEH 2 78

A 5% LLDMAFF A & 8 & # R A A
T T2 F1% (Storage modulus) &
84 1FY) (Loss tangent, Tan ¢ ) » Hik
Bt R AN LR o HHE LARRAT DISE B -
BPCHrHHifEE (0-60°C) ZfEFREIS
PR IE G (60-160°C ) o HoJ [RIHE
W 4= B AR E R S A PLAZ I S R I
(Glass transition temperature, Tg)  ( EiHl{E
#168°C ) IKf » PLASY - Z ¥ Bl ML RE R A 7
EmEEE (Kim et al., 2006) - i [fi{#HBPC

iy

z
w
s

——-6+16 mesh

——-16+24 mesh
24 b

-24+30 mesh

-30+60 mesh
16

Storage modulus (GPa)

0.0

0 20 40 60 80 100 120 140 160

Temperature (°C)

TR0 L B e HEE PR A 2 ) m] o3 R VB IE A 5 b e 2 T 52

AR RS 2 TRE - 55— 70 > HE 1A
JRETLLESER » LL-16+24 mesh. 2 T kHki Fr Fit
Bl 2 BPC » HEFFIE B HAE & #
HR o FHE > LIVTHRL R ST £5-24+30
mesh 5-30+60 meshfff & f{ .2 BPC » H{#
AR/ o DLER (25°C) Bl - -
16+24 meshF {2 BPC » H {17 18]
HE5-24+308-30+60 meshff &l 21.3
f&5 o Bbot > fE LB A HIAT LIEEH > LU [A]
Prdtw Fr R<F A i 2 BPC » HTolg# 5
68°C » 4AHEING MRS 2 A2 B o

® 0.6

— -6+16 mesh

—— -16+24 mesh
—— -24+30 mesh
-30+60 mesh

04 |

Tan &

02 r

0.0

0 20 40 60 80 100 120 140 160
Temperature (°C)

1 TIMRIRRYHBPCREGER (A) RTan 0 (B) ZFE&
Fig. 1 Effects of bamboo particle size on storage modulus (A) and Tan ¢ (B) of BPC. The
content of bamboo particle within BPC is 50 wt%
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Table 3 Effects of bamboo particle content on physical properties of BPC

Bamboo 2 h soaking 24 h soaking

partticlei Den5|t3y M?isttur; Water Thickness Water Thickness

cont;n (kg/m) content (%) apsorption swelling absorption swelling

(%) (%) (%) (%) (%)
0 1075+71* 04 +£02° 00+01°¢ 04+01° 03 +0.2f 03+02"
20 1056 +54® 17+01" 11+03° 04+01° 32+ 0.7 09+ 03"
30 1013 +30* 23 +00° 47+11°% 07 +04° 85+ 1.0 14+ 03
40 986 +28™ 31+01% 62+23% 12+ 03¢ 116 £22% 33+08%®
50 970 £31° 38401 107 +£30% 31+06° 152 £28% 47+04°
60 948 +48° 45+ 03™ 168+51™ 56+11° 216 =48 68 +£04°
70 946 +30° 50+03%® 20.1420° 94 +£0.7° 231+ 45" 104 £15°
80 948 +£22° 53 +05° 294+20° 171+11° 353+23% 190+ 09°

The size of bamboo particle within BPC is -30+60 mesh. Values are the mean £ SD (n = 5). Different letters within a column indicate

significant differences at P<0.05
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MOR{HE & & 7T #4 KL v & 2= 3G 0 R o 1
JH— 4B HuNgBlWU (2010) ~ Chen A
(2006) fxVerhey%s A (2001) Z3Baifs
FRAHL o HEHIE R IR R Z IR - FE R
ETR S RN » A AL R B K
{EFATE A& BEHER (Agglomeration) -
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Ik B 38 M Bk 53 BT AN (6 R ) A
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ZYUEEESY - REAEARE MBI 2 8
By o SR > EATMKL & BIREET0 wi
580 wit%lr; » HMOEHIRNE e o Hy [t
i R BT MTM A B B @ B e 2 Fy
By SE R PR AR R AT A SR 7 BPC
ZMOE ; ZR1M » & TR R A E &I
HIEPLASE A 58 2 LB 1T R RLFr 3t 3 48
AMNERFLER » T EEUE & MOEE (K
(Luo and Netravali, 1999) -

Table 4 Effects of bamboo particle content on flexural and tensile properties of BPC

Bamboo Flexural properties Tensile properties

particle -

content MOR MOE Strength Modulus Elorgggglgn a

(wt%%) (MPa) (GPa) (MPa) (GPa) (%)
0 721 +3.0° 25+01%® 356+59* 22+02° 27+05°
20 457 £ 43° 27 +£03%® 298 +32% 29+03° 15+01°
30 37.3+91" 27+06%® 2154+ 20° 28+£02® 11+01"™
40 36.3 +9.3™ 30+07° 192 £21% 27 +£02% 1.0 +00™
50 25.8 + 2.5 25 +03%® 147 £26* 25+03%® 08 +01°¢
60 224 +61% 24 +06%® 132 £21° 27+£02%® 07 +01°¢
70 145+ 4.1° 16 +05™ 131 +£18° 28+02° 07+00°
80 10.0 £3.7° 11+ 05°¢ 121 +06°¢ 31+01° 07 +01°

The size of bamboo particle within BPC is -30+60 mesh. Values are the mean £ SD (n = 5). Different letters within a column indicate

significant differences at P <0.05
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Fig. 2 Effects of bamboo particle content on storage modulus (A) and Tan ¢ (B) of BPC. The size of

bamboo particle within BPC is -30+60 mesh
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Table 5 Effects of bio-based lubricant content on physical properties of BPC

Lubricant ) 2 h soaking 24 h soaking

content Densnsy M?|sttur; Water Thickness Water Thickness

(Wto%)* (kg/m) content (%) absorption swelling absorption swelling

(%) (%) (%) (%)

0 970 =31° 38+01*% 107 +30° 31+06° 152 £28% 47 +£04°
1 956 £39° 27 +02° 90+23° 21+04% 132 £26* 31+05°
2 1002 +26°% 2.7 +03° 57+22° 16 +0.7° 95 +21° 27+07°
4 987 +69° 24401 71+41° 17 £02° 107 £ 40® 28+ 04"
8 956 +23° 30+03° 55+15° 20+05° 100 £1.0*® 30+01°

The size and content of bamboo particle within BPC are -30+60 mesh and 50 wt%, respectively. Values are the mean £+ SD (n = 5)

Different letters within a column indicate significant differences at P <0.05

* Based on the oven dried weight of bamboo particles
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Table 6 Effects of bio-based lubricant content on flexural and tensile properties of BPC

Lubricant Flexural properties Tensile properties
m}/i?i MOR MOE Strength Modulus EIortl)grg;ilgn a
(MPa) (GPa) (MPa) (GPa) (%)

0 59.9 +3.7° 49 £03° 36.1+13° 36+01% 12+ 00°
1 61.1+57° 51+04° 351 +£20% 37+02° 1.2 +01°
2 503+ 46° 51+ 04° 33.9+21% 3601 12 +01°
4 55.7 £3.0° 50+ 0.3° 321 +18"™ 3601 1.2 +00°
8 574+ 16° 52 +02° 306 +1.1° 34+00° 1.1+01°

The size and content of bamboo particle within BPC are -30+60 mesh and 50 wt%, respectively. Values are the mean £ SD (n = 5)
Different letters within a column indicate significant differences at P <0.05
* Based on the oven dried weight of bamboo particles
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Fig. 3 Effects of bio-based lubricant content on
storage modulus (A) and Tan ¢ (B) of BPC.
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