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Wi, 7 Bl R P IR & sl iR & RS s 4 T WEPLA AR BUE S8 KL F A DSCLTGA (GPC %75 {E#E4T T
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K (9 F ALY 5 £ 1 WF—PLA A= 552 & AhR) » 25 il 8 B G (2539 MPa) » 5 BE S A (134 glem” ) T 7K Mk 5 16
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% AL M, A1 M, 23 BRI EORH 69970 67.3%0, @& 3 5374)1F FI&E b 4 5 ol IR & 1k 45 ) W
PLA A=W B2 a0 RHE i 9% B T /K P S o B R fe i (513 GPa)» S5 5 PERE R AT RFLIRAH M, F1 M,
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GUO Wenjing;BAO Fu-cheng; WANG Zheng- Effects of compounding modes on structure and properties
of wood fiber-poly (lactic acid) bio-composites- Journal of Beijing Forestry Unwersity (2009) 31(4) 106—
111 [Ch. 14 ref. ] Research Institute of Wood Industry: Chinese Academy of Forestry. Beijing. 100091, p.
R. China-

Wood fiber-poly (lactic acid) (WF-PLA) bio-composites were prepared by three compounding modes
i-e- normal mixing, high-speed mixing and melt extrusion- The influences of different heat and shear
procedures on physical ; mechanical, and thermal properties of the composites: and molecular weight of PLA in
the composites were investigated using DSC: TGA and GPC techniques- The results indicated that the effects
of compounding modes on properties of the WF-PLA bio-composites were significant - The WF-PLA composites
produced by melt extrusion, which experienced a long heat and shearing procedure, had the lowest flexural
strength (25.39 MPa) s the highest density (1.34 g/ cmg) and the best water resistance - Both melt temperature
and thermal degradation temperature were lowered- M, and M, of PLA in the composites were just 13. 5% and
14.6% of raw PLA- The composites produced by normal mixing, which experienced a short heat and shearing
procedure s had the lowest density (1.25 g/ em’ )+ the highest flexural strength (0. 98 MPa), and the poorest
water resistance- M, and M, of PLA in the composites were 69.9% and 67.3% of the respective raw PLA
values- For the composites from high-speed mixing and experiencing a moderate heat and shearing procedure ;
flexural strength density and water resistance were all moderate - Flexural modulus of the composites was the
highest (5.13GPa)- M, and M, of PLA were 51. 0% and 51.9% of the raw PLA values- It is. thus:
concluded that the degree of degradation of the PLA molecules caused by different compounding modes is the
key factor influencing the properties of WEF-PLA bio-composites -
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ULAE R, Wit AT YA IR Y B 3R
AT LA T A A e 5 R 395 e ) 6 0
FATT A= W R AR 5 RARAE A 27 4 52 4 1 45 IR
S BRE S SRR R SRS R T M E
BT, AR LR R4 SR AR E
Gl EM R E SRR T

BT R (PLA) WIRLE — FhLUHE Y %
U5 A SR T A 40 W R 1 e By e B L T IE B
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1.1 #% #

RAMR . H A Kuraray 28 7] #2443, U5 PLAOOZ
FEI TR 16.60 J7, HKRLT 200, KR4k,
FAM Tl TR 7O A 7 K ( Populus ) £F4E
FHETEZS A 100 B P L 16.6%6,60~100 H
25.1%,20~60 H & 28.5%.9~20 H 5 13.3%.9 H
DA o5 16550 i AT, ARLF4E TR E & kR 2001
T ZEF B b4l Jb bR m A,
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PABEEAES AR XURFFBF AL, 2D25W &, H
7R Toyo Seiki Seisaku~sho 23 ] 4 77 5 A i A SE 56 4
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1.3.1 WF-PLA £ &4 &

WFPLA & &R 4 T ARLF4E 5 IR FLIR I i
w604, O T ARUESEE AR L LETE S AR, 1
R G 2 A RLBT ik AR 4EE SR S AL 58
BEATAAL

HRLR & (R E R . I FEUR R FLR
R AR 40 B DL ERRYRE, ifemy ReFgE 525
FLEA EHE LU BIAER IR IR S 5 min, IR & HHE#E
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FEEIR AV (R IR )  REF4E SR IR %
BTN Ed IR & AL B i 2R 4 i A4
JEOREE 5 min 245 A S ARGLERH SR G R IE 15
ISR BRI H, B E S 1500 r/min,
NG AR 30~60 min,

FERLET HIVE (RIPRIE S5 ) - AL R EF4E 5 R
FLERA% L] 73 A N B XUEAT 55 AL A T s R
G, WIEB R BF AL Sk By I 7 0l
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TAREFYEGRFRRE A - 111 A 58 B F 8% AL R~ P17
WEATBF AL, Br DA B ) 8504 24 30 min,

¥ 3 PR 775G A1 WEPLA &AL 4351
Fil e 3 mm JEEA AR, il A 250 . Al RS 260
mm X 260 mm, BT 1.2 g/cmgagijj 3.5~4.0
MPa, #ERFE] 4 min, $E R 190~195°C, 54k
AT HERLALHE,

1.3.2 Mg R o
1.3.2.1 Y3 fy=vERE

25 NS R S IR GB 9341 — 20001 4%
W, BFE RS 120 mm X 25 mm X JREEE, §5#R 60
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K (AT Ay WA—24 h) FIgE BES: B8 GBIT 17657 —
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WA=24 h IRAF BT 20C A% K HRIZE 24 h, e 3
R FEE RN 3 A,
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FHEERSS 5 {0 1% 5 (GPC) IR &2 A 44 8 PLA
A TR R H A, FEmALER . B WEPLA B &
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ik, 7EFE LA, PLA JRORMAY il ki e L, H s
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HAR R PLA ARG b, RILTT L. SRR &
£ 79 WEPLA & & 81 b PLA A 7 F R4
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BERE PLA B> T8 NHEREE RN miBILE
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FIGURE 1 GPC curves of PLA in WF-PLA composites of

different compounding modes

R B 7 AT B F T A 2 WEPLA &2 54

B PLA AHEY M, M, HAE S H 5 PLA [R5
BMHELE L,
®1 TEE&AXE WFPLA 8 &%+ PLA
HAFERESPLA BRI FEMLLE
TABLE 1 Molecular weight of PLA in WF-PLA
composites of different compounding modes

srx M,/10° M, oAt/ %0 m, /10" M, WiE/ %
R 11.59 69.9 6.14 67.3
=HIRE 8.45 51.0 4.74 51.9
P 2.23 13.5 1.34 14.6

1 .PLA BRI M, Jy 16.60X10", M, y 9.13X10"

MR LATAL 25 iRk miR ik EFHE R &
J& . M, Fil M, 35, PLA B3R K4 T4 WEPLA
SGPRH A R b AT AN (7] AR L 1Y Rt i LR
HE e b KT 285 Z 3 UIME R 158,
PLA 7> T8 TREARFE R,
2.2 FEEEANY WFPLA B &7 #4938 S
ARV RZ M

BRI & 77 il £ 1) WFPLA & & AR
WL 24 h MoK A v R AN A A B T O 22 03
BTN 2 5 b, 55 LR 2.3,
2.2.1 ® g

N 2 AT 5. B A7 WE-PLA & &R
JERNE AR B (F By 8.64), Mk 3 ATl 3
T2 & 07 b PR 2 et R 8 B om HR
2 ARV A mR VA 2 A R R R
Trha), 3 FhAEE G 740 WEPLA &2 &R
MERRDE,

®2 TRAEEARM WFPLA E&##
BN AESTMEZ LR
TABLE 2 Variance analysis and significance test of compounding
mode on properties of WF-PLA composites

PERE ORI AW PR ¥orR FE Pr=F
mE gork 2 0.016  0.008 8.64  0.0081
R 9 0.008  0.001
Hit 1 0.02
20 g4k 20 20.389 10.195 1413 0.0017
WoKE iR 9 6.492  0.721
Mt 11 26.882
B Eaist 2 2156.6971078.343 19.81  0.000 1
WA R 15 816.350 54.423
Mt 17 2973.036
T gaHR 2 2.268  1.134  4.16  0.036 6
MR R 15 1.091  0.273
Mt 17 6.359
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®3 TEEEAAN WFPLA E&##
IR MR S ELR
TABLE 3 LSD test of compounding mode on properties of
WE-PLA composites

PEfE 6N AR FIME t
i IRk 4 1.248 C
(ISD=0.049)  EiRw: 1 1.298 B
Y B 4 1.338 A

24 h kR HRE 4 6.118 A
(1SD=1.359)  EiRw: 4 3.550 B
Y B 4 3.190 B

Sy HRE 6 50.975 A
(1SD=9.078) B 6 45.122 A
¥ B 6 25.388 B

SRR ER% 6 4.358 B
(1SD=0.643)  EiEM: 6 5.127 A
Kb 6 5.095 A

VE LA BLC A BIFOR PR E KNI 117 LR R %5 2 5
L
2.2.2 24 hwBKE
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24 h K FRgN B3, TR 3 nT AL EIRIEHIE A
MR 24 W IROKFEH B & FHAW R E 57 H
fif KPR 3 FiiE A i 2/, MESHETHE &
MWK B AR, FIRE TR E &R 24 h 1)
KESHBEE GBI ER BE. &iRESE
Bl 8 ARy 24 h KR ZFABE,
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REME S iR, SHAMAMME G T ERR
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SRR AR R, WK 3 1AL EIRIERE
AR S EE 3 Fi &2 A 7 X ARy e
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BEAR S 2 M AR S EER AR
= MERESHAPIFE &7 L8 G Z R
ZRAEE B,
2.2.5 TR BATF XY RO

MNE AR PIAHA A A E . 3 Fh & 775K
Hil 45 H WEPLA B & B0k, 55575 WEPLA B &
MR R AR LT 4EFT PLA 223 B K BsF 8] A4 78 43 #5
B4 SRR AERL, PLA 4 T-1% 5 #E N\ A £ 45

FLBR . WFPLA & & A0RH A [ 4 BE Y A 4 %5 5 1
I K PERCT . HR R R PR G A ] H R
TRIAIRS HE MR AN REN. e
IRk $.PLA 5 WF il RGBS &R
YIVE FI I [ e ks B vk Ja AR 22 TR IR TR XK,
I, WA &0 . 3 i & 7 i WF—PLA &
AR B TR KA | 2 i R R B R A A
M AEB R mRE IR

MBS S YERE F L A MR 43 A
s WIS G pERe R, 3 i E & 77 =l &
) WEPLA B &M EH, BAR BT R M RHER 2 —FF
() (B2 B b PLA 2 VS5 BT UIRT Al Fe 4, PLA
KoF e EREAR AREHDRHREE 73 T R PR AIKAY PLA
Iy F 1SR KR R R 23516 & A R
JIFORENE (H R AR R % N PLA 471
TINAGTHIRIEG R s, iRk, B
YrkLZ 85 UIE A B R (HO2 IR & IR 7E PLA #5
TEE DL _ER BRI ZY 5 min, 32 305552 255 B0 )
BEEHEME 2. PLA MR 7> 8 I B2 545 Bt
N TRHEZ 5020 A2 A IR WE—PLA &2 & 41k
AR LR BRI = FWRE D i FIR & e
SAEHR T2 5 min, 5B 2 HETYI1E M, Brid
HPLA 7+ 7 RS EE&MERE RS, I
PL NE S R JFORNA 43 A S 5 5 £ WE—PLA

A i RN S AR R /N L H IR YR =R

BB SRR A R S A R T
BRENE BERN KPR AR B RS R
2 S HYERE A R R B

H13R 3 AL AE & A 7=l WFPLA & & 41
LR 2 BE MR B/ IMK PR < K 55— mnild i —
HRTES WK A2 Y Al A1 55 9% B B A [R] 1 22 4k
WA, BRI S WA A 5 A R B
SEMALEAE A AR AN R &2 & 7 U6 WEPLA B &
A} R TR A 25 2 B B S [ S R ) 2 45 AL 2
JERTm K PER EEIR A, AR K G 77 WEPLA
BAPPE S AR L K/INK TN - F IR G =R
B ERR 52 A MR AL R RE M X R
BB RIS, TR E A&
X5 PLA 77 T B R 2 A [ 2 & 77 A2
WEPLA K G AR ) 275 J3 1 54k
2.3 FESEEAXE WFPLA 8 & HIHVERE

Bl 2 2 JRRHIANF B A 7 2] WFPLA B &4
FH DSC k.,
2.3.1 EBAETIRKRYyTRELE

TEFE 2 kR AT 60~T70°C i g Hhd B &7



110 b x M e

CORLE

Tl B /mW

—).50 +

~1.00

W
—o— M Rk —O— R —a— R

Pl 2 JEORLRIR ] &2 407 k) WEPLA &2 &1 %H DSC 2k
FIGURE 2 DSC curves of WF-PLA composites

of different compounding modes
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e g 2 55 A R RS B PLA K31 g 4
SEAO R, J2 HhFE S AR B AL AR IR B DL R A B
KR Rl AR B T A R R S o TR RS R
St FES R, B 2 0L, PLA JFURHE 3L A8
FRIEHREE (T, ) b 68.35°C: Rl # iR E 5 = iR ki
&) WEPLA & & M gl PLA M0 T, 57 31K
67.74 F11 67.24°C, #5 PLA JFURHE AT N s 10 46 B ik
il % 0 WFPLA & & M Bt PLA M09 T,
63.47°C, & PLA JEURH A B B %,

HEREY ST REG (3B R FF

AR T EEARE, X PR E N IHE, 450 F &

At — Eﬁmﬁ,w%mmr%ﬁ%gmbm
REFE T BBk WEPLA & & 4k PLA
F4> TR % PLA %ﬂ%ﬁHETV TRk 852,
oM, A 1.34X10°, BrLAE: T, % PLA JFORHEA B
R(MIKZ 4.9°C) s T8 R VR 5 = iR I il WFPLA &
MR PLA M T EEWMA TR (HE S TE
#RAE 4X10° b, B TR T —E R, BTL
HT, i NHAHEWZA T, X— R 530k 14]
T Y 3R R N AR TR FR R Y 7> T B S 3L AT
AR e R A 58 2 250 BIZEE 70 2K
T AX00" i, B A 0 B T AL 5L B2 - 1 A
RSB YE I, 7 57> 7 iR, sk B3 45T E
R 410" i, B4 1 B B AL R B AR b,
TR,
2.3.2 JEEBA(T.)

P 2 B R PLA JEURHY T, Sy 166.93C, R
IR ENRIE S 2 0 25 M R PLA ARG T, 5300 K
166.93 11 166.97°C, 5 PLA 5By JLPARE . T, 3%
BRERZ, MESEEE &8k F PLA A/ T,
1Ny 158.87°C, i PLA JER} Ko IR s Al iR ki &2
A0k PLA AR T, AHB ARG, X FEZEEH

FsBrikH PLA M 8K RS 2Ry,
2.3.3 Hofk

P 3 2 PLA JFURH AN A & 4 7 sl 45 1) WF—
PLA &AM K (TGA ) S At (DTA) i £k,

H1E 3a FJ L. PLA JFOREM 316°C 2 380°C, £1k}
fl sk B iy 0.4%0 T 4 %) 96.620, 1 B7E % IR
FEVEE N PLA B 7fifad F2AR e, e I& 3b o] L. PLA
43 R RE LA 32, 7E 365°C 2247 M R iy
K. IGAS PLA By Rt s 2

P 3a 2 WH . AR E 4 20 WF-PLA &5 8
(R B R 5 PLA JERH $A2% E 0 R
A, 7E 215~275°C Z [a]. 3 Fh & & MR R A BH BB AY
REFR TR E AR A — 8, ARER I
BRI BRI R . ] DA I B R A ¢
BHROREFUER LT 4 R0 K AE R il T 51 e 5
BARITE NRE, 1 275~390°C 2 o], 5Bk B &
R 2 FNJE L 390°C i, gk EARIAF) 93.806: 1M
EREMEIREEE SRS A 19.0%
21OV B SRR IR . KRS FURR M ith £
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HRA K AR TR E D B SFLER =, ks
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FIGURE 3 TGA and DTA curves of WF-PLA

composites of different compounding modes
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3 % ®

D)AE 3 Fhgil 52 & 75 =0 iR i il 45 1 W
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