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Potential application of bamboo residue for the manufacture of

biodegradable plastic composites
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LT 1

AT R D R R R L T A R bR R S
( Bamboo particle-PLA composite, BPPC ) » & Bz H w2 fF % = <} ~ 4R &
WHIE AP NERRZEHFEM AL ERBPET LT A EH ARG
L E R o iRk R AT o 1% A HE P < -6+16 mesh 7 #l & 2. BPPC > £ F
B2 pu R A B ok o p0h o M PLA R R A HEY TR
B ARG e @ Fyteip £ end 4 A (34

Wt%) R i SeAF & M ADREE ~ f & s )RR Y R -

[Wa0] @ P s B m £+ 2 57 A2~ 3 5 A - PR R
B

I NEH{R

In this study, Makino bamboo (Phyllostachys makinoi) residue and polylactic acid
(PLA) were employed to manufacture biodegradable bamboo particle-PLA composite
(BPPC). In order to obtain an optimal formula for composite processing, the
physicomechanical properties of BPPC were determined as functions of bamboo
particle size, bamboo particle content and bio-based lubricant content. Results
demonstrated that the BPPC 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 with bamboo particle. On the other hand, the water absorption resistance,
dimensional stability, internal bond and storage modulus of BPPC could be increased by

adding the bio-based lubricant at weight fraction of 3—4%.

[Key words] Bamboo particle-PLA composite, Biodegradable, Bio-based lubricant,

Physicomechanical property, Storage modulus
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BN 14

RIpihizh ¥ =2 X HHRFTRZ2 22 AL TR SBHRE £ 5 2,102,400
S d 2 H R S8S5% HAHRRES L2 AR RE S Ao B Bk
ft L i 152,300 =7 > B o Bt FiRiES 2% o Flut 0 A HEY TR A2

g PRER B TRE SR A 1AEZHLHE* e ¥ b
Ry 1974 & CFAFFTRAZTHE a9y 987 SAF E5F 2 S0 A
-%Z;;},ﬁt'fs CHIX GRS S NSRS FES S HEY C BATFIHTRLY YRR
Zoom R G SENY BT R DY H TR (3;}:53:’—?7“ »2000) ° KA o iHE P H A
12 EBERY C AAEAZFIAN A LAR- LS FAAEREN
Fio@E S EDFEE G AR RE L H 2 WHERFF DX RENRT R
{HREE S LA DEF - Fpt > Sa it ER 2 PR MPAFI BT FTF

LREAAH AT TR O Blde D AR R (Fﬁi\ A0 1981 5 I‘ﬁg\ AL
FR2 1981~ Hfpka mH P (2R~ F RP22 5 1981 ; 48 'mmas > 1984) ~
FHA1AF &+ (rﬁ;h»‘\"si‘ » 1999 ; A&z E 5 1999 )~ 7 AT R R R 2 (,:aiﬁw\» .
A dh > 1985) mf iR (5RF4EE > 2002 £ F8% > 2001 ; Wuetal., 2002 ;
Wuetal,2005) “ & (S E ~ F2H > 2000; FIF 5% 51994) 12 A

1Al (R E 5 2003) % -

T E *+ % AF & H (Wood—plastic composite, WPC ) 38 & ¢ b =

-~

3

e

PR LELARE S BARRAF FILEHHFEHPRESE T AR
B AR e F T AT e A AR L p 228 Rpm A T
R YR AFTPREATRAL  VUPHEIRAF A FIHEZIATRR
(Modulus of rupture, MOR ) % Fu%* 5814 #i#ic (Modulus of elasticity, MOE ) ( 3& & 4r
% > 2009 ; Ochi, 2006) > = #T9l &% 2 4F & 77 v scd A en? < % 2~ w49
fho T A FHR e 2 KL AS AT (MEERE -2003; M AE

2000 ; Chen et al., 2006 ; Saheb and Jog, 1999 ) B v » s&#f @ &2 B iZ % >0 45 ~



FEFE ~ AT AT PR s 2R A R R AR, P H Y g iRE
Az A8% (MPAT »2002) ¥ ¢k » B 5 e (Polylactic acid, PLA ) 3t = 2R & fy

P T A RL AR FER LA S GAART LATR BT L

$
&

“J

TR A
4 e
M F o BT P2 P AR o V- 2 0 A FT AR

A fE % 4 $oajoit (Gutierrez-Villarreal et al., 2008 ) » F]t = (% 2 48 & 4
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SRR EE LAY 8 S ERE RS T ER L 43
%ﬁﬁgin,&ﬁﬁi@ﬁﬂﬁﬁﬁ’ﬁwﬁgﬁ?kﬁﬂ“é*%*iﬁg
330 FMERRERTESZ T o Ra o PR AH AL BRAE AT A
JRAIL AT E W A AP 2 AT o Tt 0 RRBBR M A ST 4R (R
PR E L AREEEY  RER A ST A RAL YR TS H RS R
§'pa4f £ # (Bamboo particle-PLA composite, BPPC) % # 2. ¥ {7+ ¢t » i 44445
L2 RSP EPFEPRETEF Ao @@y NP EFTRE 2 5
T fRA SRR R AT A W R .

T ~FERIIEIEP 2D

(- ) £&8 1 ¥ P

L as2rriipes cd@1a2dv s @il ode? RO eH > T
CRIESE LR A U e 1 R

2. AR AR RAR VAR AT RIS RS 0 TR
CIER RS LR 0 e U Y eA s (R

3oRE R AR CREAG R RE LT A RS R R &
FEFATE ML P I R R SR -

N
&

FEFWAFEM AR f“}ﬁﬁ'f&\ F o EE B A BT AR 5 H R B
AeAf & M2 Pl i o



(=) f%3
L sis
(1) #dea o

RNEGRHTH 2 0 B e Y LB RS H 41 frz 7 (Phyllostachys
makinoi) & o B R Sk P il TR E L AR E ~ T70°C P
o 24 h {8 > FUREHELABEIEA RS A L RIT-6+16 ~ -16+24 ~ -24+30 11 3

30+60 mesh & = R4 > 2t R-RAL LR R K BAE o
(2) 247 2 33 2 B H 2

AEER TR Y 2 A $ T LR E R L RSk (Polylactic acid, PLA 5 3] 5% -
NCPO001 ; 7 1 ¥ >3 "2 2 ) o B PLA R0 Fl4F 38 B 4858 (7 B b 2

(6 % G o i 20mesh $éi 2. PLAR A > W8 e a2 o
(3) 24 & B4 % (Bio-based lubricant )

AEBRATRR T 2 A b KBRS < B o R B BRI 8

FOTPLA A Y 0 AR & MR o
2. AT AR AR R AR £ L T

AEHNUE 2 AT AR HE YRS BEL T LEL SR A H
F e (-6+16 ~ -16+24 ~ -24+30 % -30+60 mesh ) ~ # ¢ 7 444 5 /PLA R & v (7
H B /PLA tdf & H P 28 & 4 w5 0/100 ~20/80 ~ 30/70 ~ 40/60 ~ 50/50 ~ 60/40 ~
70/30 2 8020 W% ) 2 F I 4 Fr AR e £ (ApET Rt Gagd 2 162
42 8wt%) =304 > A F L HEKZIFRR A S 09 gom’ > F47 2 4 5 300 mm
(£)x200mm (%) x4mm (B)eo &} bR £ £ 2 Bica iy ~ B
FeZ B A > - BT AR Y A K Smin 303 WELID  F i Hio

FE» FARE P WAE o T ob o 2tgErd BB K type B R AL M
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FITE AR ARER L 180°C >R+ 45MPa TRRFHR - F Y
BRE IS CPF > RHRARIT R BRI P s274 4> Rir3r? B RLFPT 40°C
RN EMZEWE o2 t5 % BPPC %% 23°C~50%RH 2 78 FiRE ¢ AR T

ESRY] f#?é,ﬁﬁféiéf']t}_’}ﬁ/»\ﬁ o
3. E AT
(1) 2R (Density)

%= ASTM D 2395-07a z_ # PIHR2 » B3g 7 S if § 2385 > T E % 23 +
2°C~50+5%RHZ IR ERE P AFIEE PERET2ELRA -FTRE2ER T

FEAHAE (Vom') RIZEFE (m,g) L @E\MPFERYRA -
%A (glm’) = m

(2) 7z k% (Moisture content )

i ASTM D 4442-07 2 BHE1E » #2x b £ S F 2 28 % » B30 23+2°C ~
50£5%RHZ BADBEIEE B 2P 2 T8 (my,g)  £F%H 5 ~ 105°C 2

WA R IEE  R R AACREL R TR (mo,g) B9 ERY EkT o

m,-m,

Kk (%) = %100

m,
(3) =k & 2 -k B RIS (Water absorption and thickness swelling )

% ASTM D 1037-06a 2_ # P2 28 > #3xkH 4857 X3 & 2 32 % > B 32 23 +£2°C »
50£t5% RHZHEBAFIEL > BEFHZELT TR LB~ BR o 3#H kT
B 20+ 1°C 2 FA-k? > 8 ~FR SEEKG T 25 mmo FERPFF AW L 2h 2
24he PlR3EM B R 2 £ 82 BRI B RMFERFZBLF 2 SKER PR



Bk E (%) = M "M 100

ml

3ok BB OE K (%)— t -2 1x100

1
AP om i RSk R (g)im i @FRRB TR (g)it @ ok
A (mm); s sokis BR (mm)-e

(4) %% B (MOR) £ Fi8* 38+ fi#ic (MOE)

% ASTM D 790-07 2_ #& | #& 2% » #3244 427 & 80 mm x 16 mm X 4 mm 2_3& %
50 B3 23£2°C~50+5%RHZ BB A 40h 1t » plRBEY2Z ER ~ TR~

EREZERE 2 .b"164mm1§\€&%&55§€’ B 1.7 mm/min & TP 0 & &k

BHZEAPEE2 A GPFRERRE > LR PR 2N A2 PR
ER
MOR (N/mm? > MPa) = &XLZ
2xbxh
3
MOE (N/mm® > MPa) = APxL 3
4xAY xbxh

F¢ o PIESAPE (NS L (mm) b @Y TR (mm); h: @5 E
B (mm); AP : WU p H =828 T4 (N); AY : AP 4p¥t2 idper &
2 % g8 (mm) e
(5) #d358 & (Tensile strength ) 7y 5814 fi-#c ( Tensile modulus )
= ASTM D 638-08 2_ & BRI {%- 3 » #3#44 3% 7 =8 165 mm X 19 mm x 4 mm 2 =
AR (Typel) 6 » 53223 +£2°C~50+5% RH 2 BB A A 40h 2+ > pl 3
Bx Bk ez NP ERERE Smm/min B FRR kEEr LA ER

AAGER LSRR B P E R 2 PR 2 s i



(6) A %% A& (Internal bond)

*EEE S CNS 2215 % 45 2 1R > #2844 347 &8 50 mm x 50 mm x 12

mm2 3F 5 T

E320°C~65%RH 2 715 R% ¢ ART X5 o WaFERE
PR oL E G 2mm/min 2 & B W fE £ R LA BAR L < L

Tkt AN R AR
m &3 B (N/mm®) =P/(bxL)

FF P AR B B E (N)Ib P TA (mm)i L@ s LA

(mm) e

(7) & fa 425 » 47 (Dynamic mechanical analysis, DMA )

B e L REF 5 2°C/min~ A% 2 1 Hz 2 )’i%%},@ 0-160°C z_ % i+
ToORRAFTARASHE R EMOE LR PRET > UFEREAEEH TR
BRET2ZHEBFTRN -

4. B3t

AEEBE® T SAS itk die 7 % B #ics 17 (Analysis of variance, ANOVA) »

#.3% 1§ Scheffe # %_ (Scheffetest) %/ & W2 LB (ZHER 5 95%) -

I~BREEG
(=) #ittfe s < % BPPC (L J7 2 5
I ¥4 ¢ < $ BPPC L4412 30 3

O A HEY S HBPPCHEF 2 B8 A E% 1 * -6+16~-16+24~-24+30

% -30+60 mesh = 4 f4> % = < > 312 50/50 (wt%) 2. #4487 &2 PLAR & v 4

“~

% BPPC- % 1 5 #H# © 45 BPPCH LB F2 #2588 49 2581 ©HE
R ML HBAT EEERE > E R AHEA 097-1.02 glem® 2. B > Fp
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BHBRETZ R T LR RRARERT IR A LI kFRT e 44
A A R % o #F R & 2 BPPC %% 1 -16+24 mesh % -30+60 mesh 2 ¥ § A7 ¥ 4
Bt oM R EL R 5ok A 3.0-3.8%2 FF o )b oh > k225 2% BPPC
ok 2 h 2 24 his o plRA Sk 2 SRR RWIES o JFut =R BPPC 2wk i
2 ed £ 17 R 2 BPPC2 2hakF 3 God ] I % &AL -6+16
mesh (2.2% )~ -16+24 mesh (6.5% ) ~ -24+30 mesh (9.0% ) % -30+60 mesh ( 10.7% ) °
iy 2 24h s k575 Ap AR > B F o MR F © o auft | > BPPC 2 5ok
FRG L2 WA 4B o m WPC 2w }\F}%‘rf%’v XA a? gmit (Fine
pores ) ~ (m? %= (Lumens) % #3# (Hydroxyl group) #& 2. % £ g8 » H ¢
A FHREEREFRG DA ApFE 0 FERE R FA23F 5 HHA 4 (Flaws)

# v (Gapes) @ #-k~»+ 7 5iEL g (Capillary) £% % 5] WPC 2 p 38
(Adhikary et al., 2008 ; Espert et al., 2004 ) - F]t » i = % 4% & < §&-] 22 BPPC
EFRBELFZ AT PIAREFIZEF MY S o B2 &
BOREARB AP B BB IAHEHE RS TR E  ER
BPPC stk 552 + 2 o X » & BPPC 2 2h % 24h v -k B R WIES * 5 »
PR 4 A | % BPPC 2w kB BWIES £ A2 B0 0 Jh— B #E B

F4(2009) A oo Fhk Y FWEAFEHRERERPIL

# 1% Hy € 4 4 BPPC $ 2  F
Table 1 Effects of bamboo particle size on physical properties of BPPC

Effects of 2 h soaking Effects of 24 h soaking
Particle Density Moisture
size (mesh) (@ /Cm3) content (%) Water Thickness Water Thickness
absorption (%) swelling (%) absorption (%) swelling (%)
-6+16 0.99+0.02° 33+04%® 22+06° 30+08° 75+14° 45+1.0°
-16+24 1.02+0.06°  3.0+02° 6.5+2.9% 39+12° 93+£2.8" 50+1.0°
-24+30 1.00£0.04 * 34+02% 9.0+2.5* 39+04° 125+2.8% 48+06"
-30+60 0.97+0.03° 38+0.1° 10.7+3.0° 31+06° 152+28* 47+04°

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

indicate significant difference (p <0.05).



2. “iHE Y ¢ % BPPC g L 2 B

g & (MOR) &g i it (MOE) 532G if f BB RETL £ £

Iz - o d BI1F R 07 Ay < o & 2 BPPC o *£-6+16 mesh

/.

£ #B2 MOR (387MPa) 2 ¢t » Hipt w Fr g F A8 (&2 E5&28

Pk

MPa 2+ )e@maMOE =6 » L e ragsztt 28 > HE53a27 GPa % -
FE P REEA AR * 5 -6+16 mesh pF > B 7R B 2 BPPC £ 5 #id

60 6
B MOR ] MOE
A
~ 40 | 14 =
< a
S B Tl =
~—~ a B a =
—
= >
S 20 | 12 &
0 1 1 1 O
-6+16 -16+24 -24+30 -30+60

Bamboo particle size (mesh)

Bl 174 s 2 -1 $ BPPC $%* L 7 2 B2 58

Fig. 1 Effects of bamboo particle size on MOR and MOE of BPPC. The content of
bamboo particle within BPPC is 50 wt%. Values are mean + SD (n = 5). Different letters
indicate significant difference among groups (p <0.05).

3. A T 4 BPPC #1252 B2 48

# 25 FH Y A $BPPC A TR 2 T I A R
< ¢ r2-6+16 mesh *T R # 2. BPPC # fidr i & &~ (23.0 MPa) > @ "L ¥ © H ¥
Sl BFR SRR TR o I bt B o PR AR AT AR
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oo & 2 i 1-30+60 mesh #7 8 # BPPC 2 fifes# 4 f#r#es -] (2.5 GPa) - ¥

o AP ESF e 0 A RO R E 2 BPPC H 2 B2 gl &

F_*

v

LY @
Froaf

*"-11
‘hza

o

-\\]-
"li>
e

K F RV + % -6+16 mesh p& » —:—d‘t"rﬁl%

2. BPPC £ 3 i 2 i |+

=

o

32 A H Y © o % BPPC Fil it o B
Table 2 Effects of bamboo particle size on tensile properties of BPPC

) Tensile properties
Bamboo particle

size (mesh) Strength Modulus Elongation at break
(MPa) (GPa) (%)
-6+16 23.0+2.6° 33+0.1° 09+0.1%
16424 20.1£6.1% 3.4+£04° 08+0.1°
24+30 16.8+3.8% 29+04% 08+0.1°
30460 147+2.6° 25+03° 08+0.1°

The content of bamboo particle within BPPC is 50 wt%. Values are mean £ SD (n =5).
Different letters within a column indicate significant difference (p <0.05).

4. # g% <t BPPC p Fih B 2 B0 45

PRBE TR EHZBRETER R - ¥ T TS 47 £ H P30
BEMTE ARG T EY 2 & (Linetal,2002)c Flet > 53847 & 112
NIRRT A IS EH PRI e BT AT Rz Fa
FERIBRBZPAERRE cd B 2 2857 U@ A ¢~ 5-6+16
-16+24 ~ -24+30 %2 -30+60 mesh & > H p B3 R R4 % 5 09~0.8~0.8 2 0.4 MPa
(& w32 CNS2215 % & ¥ 4% 18 32 245 0.3 MPa 11+ )« * 2 % &7 » BPPC
Mgk AR o (26416~ -16+24 % -24+30 mesh) i K 0 £ F B 2P R
B Ap#en §A i 2 <] 3t 30 mesh ehdE g3V TpE > BN ROE R B € X hgE Lo
mig> BPPCP R B M2 RFl> L& Rhipk 48 PLARE VT » #4k

POl K B RS g @A EHLRE R e B AR
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PRE RS T R R n BEAEH A RB AR -

1

1.5
=
[a¥ A
=10 | A A
& 1.
e
=
o)
O
= B
£ 05 |
L
=
e

0.0 ' '

-6+16 -16+24 224+30 -30+60

Bamboo particle size (mesh)

Bl 2 ks © ¥ BPPC M R R 2 B 58 -

Fig. 2 Effects of bamboo particle size on internal bond of BPPC. The content of bamboo
particle within BPPC is 50 wt%. Values are mean = SD (n = 5). Different letters indicate
significant difference among groups (p <0.05).

5. AR & < % BPPC #4425 2 B2

AT L DMA =& L AF & 41307 R R T 2 4% ficdic (Storage modulus) %
34 (Loss tangent, Tan §) - o B 3A 2 %% 7 43R » BPPC ** o3 i &
(0-60°C) P& 2_ % 75 Holci® 3 > HAR & % (60-160°C ) 11 %5 45425 & < -6+16 mesh
“t 4% 2 BPPC 5 6] » # & 38 (25°C) PF2 i s H#ics 26GPa» #m 4 B AR
F 3 90°C pF > H GE T HR] A IFT 3 0.2 GPae ot R F11 & A3 B A42iE PLA
2 g3 # 8 B (Glass transition temperature, T, ) ( F Bl % 68°C) & » PLA & &
MEFEAL B A H 4 A S ch B (Kim et al., 2006) 0 & ¥ BPPC % % frliciE 2

LEE
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¥- 2G5 o d B 3A P AT R AR 16424 mesh & 2
BPPC > H s el o i 6 AF £ 1 ~ o Apgen nfed ¢ 4 5 -24+30 mesh
% -30+60 mesh 7% #% BPPC » H &% 3% #-ficd ] » 3t 38 (25°C) p¥ > -16+24 mesh
“r 9l & BPPC 2 % 75 HHc ) 5 -24430 #-30+60 mesh “7 4l & ¥ 1.3 % o g2t > d
Bl 3B ¢ 7 R 2 adk s ol g 2 BPPC» # T304 5 68°Cr & e

(A) 3,
[ ——-6+16 mesh
<
= ——-16+24 mesh
O 24 F.
- T 24430 mesh
_g """" -30+60 mesh
o 16
g
o
en
<
—
2 08 |
9p]
0.0
0 20 40 60 80 100 120 140 160
Temperature (°C)
B
(B) 0.6
—-6+16 mesh
— -16+24 mesh
— 24+
04 | 24+30 mesh
2o} -30+60 mesh
a
<
F
02
0.0
0 20 40 60 80 100 120 140 160

Temperature (°C)

Bl 3 w4 ® 2 < BPPC i w8k (A) 2 Tand (B) 2 25 -
Fig. 3 Effects of bamboo particle size on storage modulus (A) and Tan 6 (B) of BPPC.
The content of bamboo particle within BPPC is 50 wt%.

13



(=) ¥ Hi s & PLAR &+ % BPPC (£ 2 #2 5F
1. ¥ 44k 5 22 PLA R & v* 43 BPPC 4 5L 572 2 58

2352k AHer ZEWE L BPPC HMEF - d 47 ¥ e gndd
Jov 7 B2 34 BPPC 2 %A see: § 755 2 ABH( & %A A3 0.95-1.07 g/em’
) WA ZEE30-80wWt%Z A EHA S R AERIEFAR @
BEokF g o EFAHIRE N G4 BPPC 2 7k 7 sg2 + 2 48% - @ i3
S IR G2 R F]L R TS AR AR 0 TR g B R R B B 4
pF s BPPC 22 KRl ¢ 52 + 2 o @ b 5% Bk B4cd 4 (2009) 2 Chen ¥ 4
(2006) 2- 35 % % 4n 0 > 35857 WPC 22 3R € L F A8 & 0° B3 4v @ 3 4o o
¥ehod £ 3¢ BPPC2 2h % 24he R e i@ § vt 5 & 5 20-80 wt%
PP BPPC 2Bk gHEF vt 7 £ 4em 5 Mgz + 484 » B 2h 2 24 h &k
A A3 1,1-29.4%% 3.2-353% @ R FE ok F AR 0 AR FE A
- Aok F o Flit g BPPC ¢ vt 7 A pF 0 B R2 AR € Rl Aok
Fop o AR RERIESF G G TEBCORFE RPN EEF AT E S 20-80
Wt%P¥ » BPPC 2. 5k B R W F IO v 4 5 B 4emsg2 1 2 » %2 2h % 24 h
Bookfs o HERWIRSF A WL 04-17.1%% 0.9-19.0% @ ¢ — 4% Adhikary %
4 (2008) & 47 WPC [ F =12 %% 4piu > 398 78 % A4+ 5 £ 484 » WPC =
Bk F R ok E RS2 P o 2Am > F BPPC P % 5 B ATIE 70 wt%PF o

Pk 2wk B RWIRS oA L 5|4 b PLA R £ 2 B 0 PLA 4 1

5

F R EP AL - ERPEFF o - A T o F BPPC P HH 3 R M 70 wt%
P PLA & F 330w e B it ehe Rk (B ook BB EIEF I3 12%
BE CONS 2215 a2 B8 ) B d ¥ § saehfesga 8 ko 5&if2 1

¢ > 3R BPPC & 3 fitfus kK2 = & 2o
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30t 7 4 BPPC 2 Jr2 258
Table 3 Effects of bamboo particle content on physical properties of BPPC

Eftects of 2 h soaking Effects of 24 h soaking
Bamboo particle Density Moisture
Water Thickness Water Thickness
content (Wt%) (g/cm?) content (%)
absorption (%) swelling (%) absorption (%) swelling (%)
0 1.07£0.07° 04+02¢ 0.0£0.1°¢ 04+0.1° 03+02" 03+02"
20 1.06 +0.05® 1.7+£0.1°1 1.1£03°¢ 04+0.1° 32+07° 09+03"
30 1.01+0.03 ** 23+00° 47+£11% 0.7+£04° 85+1.0% 14+03°
40 0.99 +0.03 * 31+01 ¢ 62+23% 12+£03° 11.6+22¢ 33+£0.8%
50 0.97+0.03° 3.8+0.1 10.7+£3.0 31+06¢ 152+28< 47+041
60 0.95+0.05° 45+£03" 16.8+£5.1" 56+1.1° 21.6+4.8" 6.8+04°
70 0.95+0.03° 50+03%®  201+20° 9.4+0.7° 23.1+45° 104+1.5°
80 0.95+0.02°¢ 53+05° 294+20° 171+1.1° 353+23° 19.0+09°

The size of bamboo particle within BPPC is -30+60 mesh. Values are mean + SD (n = 5). Different letters within a column indicate
significant difference (p <0.05).

2. % Hf 2 PLA R &4 % BPPC #8122 34

B

¥t g2 PLA JR &4 4 BPPC 8 12 2 B 4o B 4 #7577 > o Bl ® 7 @ 4
O E2d 0 wt%i 4 3 80 wt%PF » BPPC 22 MOR R|d R 42 72.1 MPa ™ *%
31 10.0MPa; %7 » BPPC2 MOR E ¢ 5 m 47 2 £ 2 3 4cm T om b — 4
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Fig. 4 Effects of bamboo particle content on MOR and MOE of BPPC. The size of
bamboo particle within BPPC is -30+60 mesh. Values are mean = SD (n = 5). Different
letters indicate significant difference among groups (p <0.05).
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Table 4 Effects of bamboo particle content on tensile properties of BPPC

) Tensile properties
Bamboo particle

content (wt%) Strength Modulus Elongation at break
(MPa) (GPa) (%)
0 35.6+59° 22+02° 27+05°
20 298+3.2° 29+03° 15+0.1°
30 215+20° 28+02%® 1.1+£0.1°
40 192+2.1"% 27+02%® 1.0+0.0%
50 14.7+2.6 " 25+03% 08+0.1°
60 132+2.1° 2.7+02%® 0.7+0.1°
70 13.1+18° 28+02° 0.7+0.0°
30 121+0.6° 3.1+0.1° 0.7+0.1°¢

The size of bamboo particle within BPPC is -30+60 mesh. Values are mean + SD (n =
5). Different letters within a column indicate significant difference (p <0.05).
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Fig. 5 Effects of bamboo particle content on internal bond of BPPC. The size of bamboo
particle within BPPC is -30+60 mesh. Values are mean = SD (n = 5). Different letters
indicate significant difference among groups (p <0.05).
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Fig. 6 Effects of bamboo particle content on storage modulus (A) and Tan 6 (B) of
BPPC. The size of bamboo particle within BPPC is -30+60 mesh.
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Table 5 Effects of bio-based lubricant content on physical properties of BPPC

Eftects of 2 h soaking Effects of 24 h soaking
Lubricant Density Moisture
Water Thickness Water Thickness
content (Wt%)* (g/cm®) content (%)
absorption (%) swelling (%) absorption (%) swelling (%)
0 0.97+£0.03* 3.8+0.1° 10.7+3.0° 3.1+06° 152+28° 47+£04°
1 0.96+0.04* 27+£02° 9.0+23" 2.1+£04%® 132+26% 3.1+£05°
2 1.00+0.03° 27+03" 57+22° 1.6+£0.7° 95+£2.1° 27+0.7"
4 0.99+0.07% 24+0.1° 71+4.1° 1.7+£02° 10.7+4.0% 28+04°
8 0.96+0.02°  3.0+£03" 55+1.5° 20+£05° 100+£1.0% 3.0+£0.1°

The size and content of bamboo particle within BPPC are -30+60 mesh and 50 wt%, respectively. Values are mean = SD (n = 5).
Different letters within a column indicate significant difference (p <0.05).
* Based on the oven dried weight of bamboo particles.
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Fig. 7 Effects of bio-based lubricant content on MOR and MOE of BPPC. The size and
content of bamboo particle within BPPC are -30+60 mesh and 50 wt%, respectively.

Values are mean £ SD (n = 5). Different letters indicate significant difference among
groups (p<0.05).
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%6 24 4 5B ARG Aot Bl BPPC Fdn (2 2 2 5
Table 6 Effects of bio-based lubricant content on tensile properties of BPPC

Tensile properties

Lubricant
content (wt%)* Strength Modulus Elongation at break
(MPa) (GPa) (%)
0 36.1+132 3.6+0.1%® 124002
1 351+£2.0% 3.7+02° 12+0.1°
b 33.9+£21%® 3.6+0.1%® 12+0.1°
4 32.1+1.8"% 3.6+0.1%® 124002
8 306+£1.1°¢ 3.4+0.0° 1.1+£0.1°

The size and content of bamboo particle within BPPC are -30+60 mesh and 50 wt%,
respectively. Values are mean + SD (n = 5). Different letters within a column indicate
significant difference (p <0.05).

* Based on the oven dried weight of bamboo particles.
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Fig. 8 Effects of bio-based lubricant content on internal bond of BPPC. The size and
content of bamboo particle within BPPC are -30+60 mesh and 50 wt%, respectively.
Values are mean £ SD (n = 5). Different letters indicate significant difference among
groups (p<0.05).
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Fig. 9 Effects of bio-based lubricant content on storage modulus (A) and Tan & (B) of
BPPC. The size and content of bamboo particle within BPPC are -30+60 mesh and 50

wt%, respectively.
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