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Research paper

Effects of Veneer Lamination and Density on
Physicomechanical 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 polylactic acid (PLA)
were used as raw materials to manufacture bamboo-PLA composite (BPC). Effects of veneer lamination
and density on physicomechanical properties of BPC were evaluated by universal testing machine, color
difference meter and surface roughness measuring instrument, efc. Results showed that the water absorption
decreased with increasing BPC density, while the modulus of rupture (MOR) and modulus of elasticity

(MOE) increased with increasing density. The BPC with a density of 900 kg/m’ exhibited the strongest
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MOR (42.4 MPa) and MOE (4.1 GPa). On the other hand, the BPC core plywood (BPCP) with a density
of 900 kg/m® showed 2.3-fold and 2.0-fold enhancements in MOR and MOE as compared to BPC with a

density of 900 kg/m’, respectively. These results demonstrated that the manufacture technology of veneer

lamination can improve the mechanical property for BPC.

[Key words] Bamboo-polylactic acid composite, Polylactic acid, Veneer lamination, Density,

Physicomechanical properties.
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Table 1 Physical properties of BPC and BPCP with various densities

24 h soaki
Density Moisture content soaxing
Samples Ko/ o
(kg/m”) (%) Water absorption (%)  Thickness swelling (%)
500 43 +0.1"% 63.5 + 8.3° 1.8 +02°
BPC 700 40+01° 389 +1.5° 28 +£0.1%
900 36 +0.1¢ 26+26° 28 +£03"
500 50+ 02° 56.7 £3.1° 3.1 £06°
BPCP 700 48 +0.1° 427 +£23" 48 +£0.7°
900 44 +0.1° 214 +26° 48 +£06°

Values are mean & SD (n = 5). Different letters within a column indicate significant difference at p<<0.05.

BEAE » FE24 hIRoK IS RERZRREZS /510 » e
1ERBRES AT LUSHI » B (70052900 kg/m’®)
ZBPCHIBPCP B A 5 i 2 W KR FE IR AR
ERRIIR R 2RI - R R A b
[ > A B B AR R R AR - SOk 1R
LR [T SBEAR K » (615488 5 M AR K
IEARHE - % > (EAHRIZE T » BPCP. 2K
JE R IR AR BPC & 1 © T EEBPCPIR /K E
AR g v o2 IR S T e B L A ) e
H - BPCRIMIE Sz i b BRI AR 24 -
1S BN RS 1 b B B SR R AR AR

Y71 > H#2AN[F % BPCP B AS
BNERR 1% R BRI I (L) ~ FLAk 28

F2 N[E%EEBPCP 2 £ B

Table 2 Surface color of BPCP with various densities

(a*) ~ FHEBHE (0%) R OFEE (AE*) ZA5R
AfLLFSHT » BPCPAEELER 1 » 356 il BE A SR 1T
BHEOZE AL o DIZET700 kg/m’ {5 » BPCPF
[ 180°C ZAAR 1% » HCL* (i AR HH 24 JRR Hif 2
82.2 Nk E BB 2 75.1 o FHBUM » a*{liH16.2
FFET.4 5 p*EAIF25.4 FTF3E28.2 5 [ Bk
A% B 2 AE* BB 6.2 o 2 i B AR AS R
BEHLE R E K > 2 ERAR M B
oy PR R L ER RS MR BV e
Y > MR R EEA O (Esteves et al.,
2008) ° [tA% » FEENBEERE R o I A]E 7 AR IR
MHA LA - mhngIAM RiriE L (Dubey
etal.,2011) o

Samples ](:‘Izgr;rsrllg})] e CIEaI;AB " AE*
Veneer - 822 +24° 62+12° 254+ 12° -
S 500 777+29° 65+ 13% 278+ 15®  56+£19°
BPCP 700 751 £ 4.1° 74+ 15° 282+ 13° 62+23"°
900 78.6 £ 3.1° 58+ 13° 27.1 £ 13° 57+19°

Values are mean &= SD (n =5). Different letters within a column indicate significant difference at p<<0.05.
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B 5 BUJRR B[] 25 BPCP K I FHA .2
LTI HIPAM B —Z LM R OB
RO TR PR 1% - 2% 1 & KK A #H A 2 AN [R] T
ERCREA M MBS » BRI T AR R
o A A A R R P R 2 TR AR B (75
5 52002) o KL - B EEESMEREEE.Z
P25 > FE ph BARR SRR ] 0 BN SR TR L T
PR RSB Grid#Z > 2000) o ZR3HIFANFE]
% BPCP B S A JRR 1% L rh O R 2P B R RS
(Ra) ~ R K EEFHAERE (Ry) BB Lo RS
(Rz) 28t o HFE AT LISAL > bR TRaZ}

#3 N[ B EEBPCP,2 e [ F b

BPCP 2 3 g B il Mt 3 ZA R B 15 15 DL e e K3
3 1) o 3% ThTRELRE B B 7P AT R 5 oK A
180°C EhJRR 1% » FLRHRS B /s R BB E K © LA
T B AT 5 [ BB 700 kg/m’ ZBPCPEEH] »
BABRHT B 2 Ra ~ Ry &eRzZ} FlI£525.9 ~ 176.8
Ke115.9 um s FEEVERTR » It =& HI[ 53 Bl 2
4.4 ~43.8528.3 um o MaER LIRS 2R EA »
FBRAMR 73 2 AR E 35 L RS
HIF5140-160°C » 5 ZAJBR I 55 B it LY (Rl R »
KNEZGREIECIER > T 152 B i 5 i
BB (Ayrilmis and Winandy, 2009) e

Table 3 Surface roughness of BPCP with various densities

Roughness (um)

Density

(kg/m) Ra

Samples

Ry Rz

€L //

/l L //

Veneer - 259 £ 7.8 19.0 £44 176.8 £46.7 112.1 £ 23.7 1159 £ 22.8 61.7 £ 104

500 45+ 1.6" 45+20" 428 £17.7" 331+ 11.8" 29.0 286" 196 46"

44+ 18" 44+19° 438 £ 167" 343 124" 283 £9.0" 20.1 £ 73"

900 28+05" 28+0.7" 276+55" 2324+54" 197 +28" 148 £29°

Values are mean &= SD (n =5). Different letters within a column indicate significant difference at p<<0.05.

111 [F] %5 FE BPCP B Az 6 180°C B Hij 142 .2
HFREAIFAPTR - HZAAT LS AT > BPCPEL
MRAZ180°C B, » NG T8 1B AR PR 47T KPR
73 ) 2 5 S A o DASE E R T [
K700 kg/m® 2 BPCPEE I » HL {5 Hh 24
AR 24.3 GUIRE 8.1 GU o &t 52 i
s TR A D) e M B G B R I RS
FEE M E 528 (B 0 1991) » MBPCPAY
AR 1% DA BEL A 2 T RELRE 5 Fep K - (15 B A SR T
B RS o
(=) B RS b 2 R BPCHE I 2

BT i LA R B S BPCRE AR M

B A REST T E A M 2 PTENE
RIZETORFE ST Je SRR 58 B AT HRET - [l

BN A% % 2 BPC e BPCPHUE L E » H[E h
A L3501 » BPC R BPCP#E &M HUE I8 (4l
B 1A) Fe o PR (QIlE1B) P5RE % R
A L F o LABPCI S » MORHI{EZ (500
kg/m’) (J9.5 MPali Il & F [ (900 kg/m’) HY
42.4 MPa » £ TH4.565 (W& 1A) - [FER; -
MOEHEZEE (500 kg/m®) 191.0 GPalfd % &
R (900 kg/m®) [94.1 GPa » FJ3ETH4. 145 (W1
[E1B) o kLot » BPCPZ fUEf o e K i i P
W & ABPC » FAMORJI A » 500 ~ 700
J2900 kg/m>4> BIFE & T 4.9 ~ 2.8 K 2.3(% 2 i
FEfE o Hrh > DIZEEE900 kg/m’ AT L BPCP.Z
MOR [&3%£99.2 MPa ; [liIMOEJ5[fi » % E500 ~
70052900 kg/m* 73 HIHEE 16.0 ~ 2.92.0f%2
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Table 4 Surface gloss of BPCP with various densities

Density Gloss (GU)
Samples 3
(kg/m”) 1 //
Veneer - 43 4+04° 63 +0.7¢
500 8.0+ 0.8"° 103 +13°
BPCP 700 8.1+06"° 111 +15°
900 9.0+ 0.7° 126 +1.6°

Values are mean & SD (n =5). Different letters within a column indicate significant difference at p<<0.05.

(A)
120 OBPC MBPCP a
g
S 80 | b
g c
A
=
40 | B
C
0 1 1
500 700 900
Density (kg/m’)
®) ,
LJBPC M BPCP
a
s 8T b
& b
0
O A
= 4|
B
C
0 1 1
500 700 900
Density (kg/m’)

[ 1 N [F)% 5 BPCELBPCP 2 HUE & (A) AU A8 (B)
Fig. 1 MOR (A) and MOE (B) of BPC and BPCP with various densities. Values are mean = SD (n = 5).
Bars with different letters indicate significant difference at p <<0.05.
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% > IBPCPRJG %N - HEMmHE b1
TEE o [AERRY - FEEIRSE A (2004) 734 Bt G
BE MR i BEALE RS (Drill resistance) Hifi5
fH o e B AR E [l sy i L i R LR
fe@ e e Rz A AHE - {H B A E TR
ZFRIEIGENRCE SRR G EE & 0 KR
Je R RE [l oz B B B 2 DU R A B -
SRR HE TE28-40% o FAY o M EHTE
BRI > M5 2R IR - B

O T2 TR o BNV TR 2 ) (R e B
R LA 2 g A 2 B 12 1 7 A e

BeAt o [ 27 B AN % 5 2 BPCEZBPCP A
BRETIREES) - HHlE RS SR AT {55 » =B EBPC
BIBPCPE A = Z RIZET R+ 7 s Hoep s DL
I FH700 kg/m’ ZBPCPEA i Z RIGET (7
FiJ1 o HABRS738.0 N (%5900 kg/m’ 2 BPCEL
BPCP » [KIARURET ML 88 A G M A o Sl R
ETENA > BURE IS RERET IR ) » #BPC
[EFRTHIL.0265 Z 58T - Mi%ER500 kg/m’ 2
BPCPH#SBPCHEFHY 1565 25 [ o BURTEIRIK
EEESM T BiRGHERRE SR EEM
N SIS

1200
&
= LJBPC EBPCP
B A
= a
=
% 800 |
&2 b
S
£S
T B
5400 B
3
9
]
o
=
0 1
500 700
Density (kg/m”)

B2 R[F|% FEBPCELBPCP,Z AKIEST {75 1] -

Fig. 2 Wood screw-holding strength of BPC and BPCP with various densities. Values are mean &= SD (n =

5). Bars with different letters indicate significant difference at p <0.05.

H—Ji1 » E3ERFEBPCP.Z FKHHL
Fios s - HlE P As R AT A > Mm% EBPCPE
B2 RMEPLhRE o Hrh > DI R900
kg/m’ ZBPCPEF iy & 2 R HHUH 8 - HAE
£51.0 MPa © [Mi% 4 £%500 kg/m’ ZBPCP » Hif
FE££50.6 MPa o SRTfi] » #5441 %4900 kg/m’

F500 kg/m* FE LTI 765 250 - (HFEGT
AR o BT 0 M AR -
i8R EEE © KL - RIACIEBPCPEGE
o HRREA IR =R DR FHE SR
PhL Z AT » Aot > BAMAER T IREA
Bemiaits - R a B BB OF L
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Surface tensile strength (MPa)

500

700 900

Density (kg/m”)

&3 % S BPCP R HTH R[S 2 f 2 o

Fig. 3 Effects of density on surface tensile strength of BPCP. Values are mean = SD (n = 5). Bars with

different letters indicate significant difference at p<<0.05.
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