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(PLA) 2002D, 3 [#| Nature Works =5, 2034 53 1
BN 8.6 x 10", RE L K 1194. 4 J Al 45 ok
4.8 g/10min (190°C , 2. 16 kg) , B ¥4k 55 A5 15 &
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1.2 HEBEWHFE

KR AR 80°C ELAS HEAR AL 24 h,
SR B BT AT BRI 2 TR 5 J5 A Haake e 30 72
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Table 1  Compositions of PLA/PC and PLA/PC/ catalyst blends

Sample B By By By By By By G Cy Cu Cy Cy Cy Cy
PLA 70 60 50 40 30 20 10 70 60 50 40 30 20 10
PC 30 40 50 60 70 80 90 30 40 50 60 70 80 90
TT — — — — — — — 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1.3 Z5HRAE AU ST 0 s ( H AR FRRU S dh) T
1.3.1 B4tk &0 ('H-NMR) MR ML L.

A 400 MHz # #% B 3% i &0 3% (' H-NMR )
(MERCURY plus 400, Varian, Inc., USA) g3
TEIL Y 0 53 7 2540 . A il i B S A i
F o a RS IR Y (A 3 ) %A E) PLA /Y
R (BEIR = W R ) b, 76 B 25 HEAH N 1 i 48
h B AREY 1T CD,CL, i =5 k)
PEATAZ R 3E 4% 3% (" H-NMR) 3. AR 11
"H-NMRiE ol DUE B, AREY 1240 PCL R
A PLA DL PLA-co-PC JL 3R W) M5V i W) 1 ik
72 B 5 07 Hh D0 VE S o U8 A B UITEY 1(B
Iy ). FRUTTEMAE 80°C H. a3 MEAR N LT )5 , #5 0T
WEY) 1 RE. Z 58 B AT CD,CL, bty
e IR (' H-NMR) 32, #54 H Ui e 9 1(B 4
73) AL PLA-g-PC LA KR JOR ) PLA, £ A TIT
TEY) 1 RO — R AR R PC R R (IR C
M), 76 2R R VAR 48 h 15 B ISR 2. 0% % R
P2 NP B, R AT ULVE J U8, 7E 80C B
SRR HET R BITIREY 2(C 403 ) U &R )
AT H-NMR 3.

1.3.2 @l T BB (TEM)

BJef# A UL TRACUT UC6 7Y #8 # U] H #l
(TR AR TE - 100°C Z& 44 T xF IR YA
PEAT YT R, U0 JR 29 9 100 nm, SR J5 1] 1Y
SE AL BN R D) b R AT G 6 S R e £ 4
F) 9871y 7 i RN W T S 200 kV Y JEM-2010HT

1.3.3  JapAe i &

T SR AN Haake 7 55 7 28 4 rp JBCH] B 3R
KL ]y 400 s IR ) 7236 S 230°C |
J1703 12 MPa {9 2515 B Sy — B 9 T O i /9 -7
AR, R B EE 2 0 1 mm ORE ST 4 00 3
TR R 60°C 1Y B2 HEAS b T 4R 2 RF #EAT
AR HE T B R B T A R AN (R
Bohlin Instruments 2 &), % %5 5 Gemini200 HR)
B REAR N 25 mm (P17 B AT /N R 08 IR
B U) ISR A RO A . b O AR A B ] A
230°C 1 1 Hz Z5 4T Fir A3 K il A9 26 M 266 5 IX A9 I
S0 BRAE AR AE 30% LA F, JT LASS A 4 1 ok F Y
N AZWRAE N 5% AR El S 0. 01 ~ 100 rad/s.
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5 BRI AR NI L e DUE R T Al
PLA/PC iR R R, X4 PC 1 it 73 80 H 50% Fl
60% i, 1A Z2 Ry W% L 2504 1% AR ER 1Y T
Tk P 2 4 i A0 50 5 19 PLA/PC/ AL A 2R, A
PC JiL i 70 00 50% B Ry 3% SL 454, T 78 PC Jit
TN 60% WK R H 5 AR Sy g B 254, B R R
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Fig. 1 Transmission electron micrographs for PLA/PC systems (a) PLA 70 wt% ,(b) PLA 50 wt% ,(c) PLA 40 wt% ,(d) PLA 30 wt%
and for PLA/PC/TT systems (e) PLA 70 wt% , (f) PLA 50 wt% ,(g) PLA 40 wt% ,(h) PLA 30 wt%
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AR IIR IR 230°C R, 57 DI # A5 31 rad/s
HRAR R . X F PLA/PC(70/30) M98 {4
RS EUH PCORIILIR W 9 BH BE B mpe/my, =3, 100
X F PLA/PC(30/70) MR & & , /3§ PLA Fidt
IRY B I /7, =0. 05. L4 SR 1R 2 0 11
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VE B T A AR B L R 0.05 B Ca,. K TE 7 3
YERIR ,PLA/PC(30/70) 98 1A 2 43 SO Wi
It PLA/PC(70/30 ) H iR 4 & rf 43 #50AH Wi B 2%
Gy AR 2 PC AR Sy 3% 22 A B 43 HIORH VTR 1Y
RSE LG PLA 1R Sk 3% 52 AH B 53 SO 1R 1 RST /).
ME T 2 haf DLE TR R SRR 4
Sy L) PLA/PC R A 5, 5 A7 78 e Ak 75 A6
LU, S IR R DU TR VR Sk e A8 e 4 Ak 3R IS 43 BORE
WO ) RSE AR AS TR B B R AR A6 R A W IR iR R
rh S H DA A S RN 2 R0 B R AR R A
1220 BB A AL B AR I 2R A0 4 B AR 5 BHL 1L 4y
BIOHIVB (13 91, DT 800 380/ T 43 BRORE R 2
(RS, R, 78 PLA/PC R A4 & rh i A i 16 57

Jei 4 FBORE R R %) B AT 15 7 T 78 AN [R) VR 4 g
) PLA/PC IR A & v, BRTR DU T 1 34 43 45 M A
AT R A S R I AR T KR R R Y B TR
P36 25 B AR . N 2 ik o] DL & B, 6k 45 Jon
1300 i R AR &R, Y PLA BT i 4r $0h 40% Y
(Cy ) 53 T AH VT R A2 0 e A AR 5, D./D, N
8. 68. i = F 2 il T4l PLA/PC (40/60) & &} W
i S 4R A AR TR AR B 22 B T 58 e
N A AR B IR TR R AR AP, AT
1 X35 22 G5 A AN PR ARRE |, B A8 Rl K 25 4, SR T ]
AB A L R Y I R R R £, s Y AT
sk TR R LA /IN B 23 BORE R R RS 4y A
TN T 5 B R 53 HOM B RT3 A AR 9.

Table 2 Average particle diameters and polydispersities for PLA/PC and PLA/PC/catalyst blends

Sample B By By By By Cy Cy Cy Cy Cyi Cy
D, (pm) 6.41 3.9 1. 00 0. 40 0.20 1.27 1.02 1. 10 0. 44 0.27 0.12
D, (pm) 9.76 5.88 1.76 0. 80 0.28 1.79 1.62 9.54 0.56 0.34 0.19

D./D, 1.52 1.50 1.76 2.00 1.40 1.41 1.59 8. 68 1.27 1. 30 1.68

2.2 FEASHE PLA/PC £BHRELHRE
Rz AL 28

2 J24li PC .4l PLA B 4043 L Je C 44311
"H-NMRiE &, fEE 2 th, 6 =5.1 ~5.2 4b iy b %t
N f 2 PLA EE & B o0 o (9 Ok L1 5 7 0%, 6 =
7.1 ~7.3 QAR N Y 2 PCOEE A2 BRL 0 R BRI i
T A 2(b) fTLLE i, B 40 A MUAL & PLA
Bt PC T, o B = Pl & PLA 1Y
R R R f# PC, r AR LB 2 B 4143 W i
PC FIC 4 FR ok H PLA-co-PC 5 ¥). B 4173 h
PCHE AT LR FIE(S=7.1~7.3) I
MRS PLA eIk AR BT 705 (8 =5. 1
~5.2) I AR Z L, BE S N, anER 3 TR
XFFai R AR &R, Y PLA Jii & 53 80k 70% ,50%
Je 30% WAL LL N 43518 3. 98 3. 32 J¢ 1. 56,
TRE T I A AR 0 B 2R TR A R, Y PLA BT i 43 %%
1 70% 50% J 30% BT AR b N 430 R 15,2,
13.0 f 6.59.2 Ff 5 & 55T 1Y) o7 ¥~ e (7% 0 1T AR LY
1E HF 3 B EE R B, PRLEE F I/ AN TS A £k
R B 2053 vh PC H 42 B0 M PLA H 52 J T I BE
IR LB WE A SLTR R Z& h PLA 5T S 43 %509 38 i i
B X R A Y PLA BT & 5 BUBCR B, 2 5
N PC Ry 2 A iy LR Y.

R T 2R S L R HE D R BT A =
IR Ly PCY BT £ 43 BOZ AR W Y. A SR

FPREE B9 7 35 T 5 R 1 % b SO PC Y
Al I R 28 5 AR T Ak B B9 PLA/PC S
RY (A Ho) PR, i2 8 M, Hod LR Y+ PC
MR (M) 29 M, X, X ZILIRY b PC Y e
SR8 R R 20 RN ) 4 FR g PC(PLA-co-PC 3
YD) T PLA B9 R R B AR = P s b, B LA
RN PC (M) B R EHGC A M -M, M, 24t
TIRMAEY 1R E . H I, KR PC Y 5

A E(P) T LAE O
b Mo MX -, |
T M, MX (D

t

M3 Rl DUAR W &, X T 88 0 S A 8
TR A R0 IF K A BB B PR T g i B B A
PLA & 4t 19 38 Jin i 35 fm, 1 2 W1 24 LR 4 7 o
PLA & il 2 i, 2 5 s L B g PC o 1 B9
g%, BIVIR A2 40 B 0 A HE A TR Ik A B T
Table 3  The proton peak area ratio of the benzene ring structure of

PC units and methyne of PLA units and weight fraction of reacted PC

in deposit 1 (B component)

Sample N (% ) M, (g) M,(g) X P (%)
B, 3.98 2.0032 0.576 0.3 4.15
B, 332 2.0025  0.987 0.5 1.43
B, 1.56 2.0031 1.398 0.7 0.3
C, 15.2 2.0032 0.507 0.3 15.6
Con 130 2.0026  0.944 0.5 5.72
Cy 6.59 2.0028 1.385 0.7 1.25
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Fig. 2 '"H-NMR spectra for neat polymers (a), B components of polymer blends (b) and C components of polymer blends (c¢)

AR A o e, AT A SR 2 5 =g PC
SrFEEIE £ X W — 2P R B T ERER Y TR X
T4 L PLA/PC IR AR 5 i g 28 46 S i
HRAT 2 R ) TR SRR

M 2(e) h AT LA E] C 2 BE& A PC
HOTN & A PLA o0, i T PLA Rig TR,
JT LA BTN R C 443 R SO A B PLA-co-PC 4L
By LY (C A )Hh PC EEHITH PLA &
5B TT I BE IR LY mpe/mpy AT LASE 32 T35 4% 1 6] 1%
i PC HLITH R IR A I F (6 =7.2 ~7.3) (Y
RS PLA 350 (8=5.1 ~5.2) ik B9 5T 1
g 1y e T R LR Ok A5 21, % N ) IR AR R 1 1
ginE 4 s X Fai R AR R, 4 PLA
WA BHR T0% ,50% K 30% B} nyo/ny, 20 5K
0.040,0. 033 J% 0. 015,17 XF F A i AL 57 i) 31 3R
KZ M PLA Jii & 450k 70% ,50% J 30% Hf
Npe/ o 5 81K 0,323 0. 165 J% 0.070. A o] 1,

B0 4G o3 H ) JETR R R AR
AN Ly LR I TTRERS v (g . - e R s
AN EA AT, AR5 i PLA/PC R R R
O ) L 3R W i 45 At O S AR ], X 3R B 4 4
Fb AN [7) B i 52 48 B2 7 79 AL B8 1 AN [

i 38 48 2 o7 S 7 S T Ak AT, R B
B, {EL A 5 T A il 5 1 e o AR g, X R AR il T
AT X3 A Py 9 o 2R 5 ) 3 B T R A 22 IR R A8 48
BB ML KA. PR, 7 S 1o Ak 3R A5 0 B 1 A
SRR RN T L 2 PLA Ol i S M A
A Ui 8 HdlE T DLTE SR M 2 BIO PCOFN I 22 A PLA
(66 18 LR 20, FRATT B B 7 3 O B
AT YL Y A8 W N AR BT V) R A A, R
IRV A S5 e Y B U 3 TR AR A 5
YR i KBV R ANy /yvee = 16, 1L
Ab 38 AR BOE AT LTS PLA R PG R iy
FASL I ] 29 R Ay /Ape = 0.16 . 55 B 2 &
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Table 4 Proton peak areas ratio N, mole ratio n,./np;, of the benzene ring structure of PC repeating unit and methyne of PLA repeating unit of

PLA-co-PC copolymer from deposit 2 ( C component) ,weight and mole number of PC-co-PLA copolymer

sample N (%) Npe/Nppp " W,C-co-PLA" (g) Npcworin X 10% (mol)
B, 32 0.040 0.100 2.25
By 26 0.033 0.068 1.42
By 12 0.015 0.041 0.86
C, 258 0.323 0.088 5.09
Cy 132 0.165 0.077 3.36
Cy 56 0.070 0.044 1.26
" npe/Nppa is the mole ratio of PC repeating unit and PLA repeating unit in copolyester; " Wy, s is the weight of PC-co-PLA copolymer in per

gram PLA/PC blend;* N

PC-co-PLA

25 5y Wl 5 Deborah % (\De 5 LRy 54 W) 9 85 1)
AR s A% 3l B[] ) S FR ) A G, De R OK, i Bt
WS By e e m) . 1SR AT AR TR PLA Ol % SEAH Y
& &, PLA fil PC Yy Deborah %12 b & /> 2 K
Dey, /De,.=2. 5, F M #F B 1 Bt 35 9 Deborah %5
BRI PLA 4 B 45 5 TR 45 Bt 1 B, AT PLA
B BOA 2 L2 5 B R R I R PC gy
R AESE T OR R A RN, R AR S 5 R
PC orF a3, 2R Y 10y PC BEBL I 2. Y
PC 1Ry % S AH B, 38 o BP0 T84 HS TR P &6 N
Wi AP 0 e KB V) B 2R v,/ Yee =8,
PLA il PC [y Deborah %2 [t %A De, ,/De,. =
L3, BRI R Y iy PLA #8 B0 5 PC 85 B ny iy
ST B 1Y RE ) 423, PLA BE Bt A PC 4% BE #F AT
RE 5 518 B 3 R S g /g PC 4355 PLA 43+ & 4
i — 20 TR A8 4 SN . 3X U W AE PLA Sy % 22 A A
PC i S AR & b, i T PLA BE B iy 54 1 e
] AR BE AN R, 2 R W R As UK R A 4 0 Y L
FONA] 1 B AE VR ) 2 A TR A R OB R T
AN R 25 ¥ TR T 28 4 7 ). >4 R W) 5 0L B2 AH B
B, Z 5RO PC & & KLY b PC BB
TR T LR PH Z ).

PC 1 PLA (84 B30 39.4 1 1194. 4,
T SRAR B TR 2 4 S5 I & A AR 2R B ) B 1 v TR
B AR 4 PC 3Tl PLA 4 1 % A& — K iR 228 i
NPT IR B R Py vh PC BEBr 5 PLA 5 Bt () JBE /R
P npe/ gy 2920 0.03, S Wy 43 + 7T DL KR N
PC,PLA . 4li PLA/PC(50/50) HiR 4k 2 rh 4L B 4
M EEIR L npe /iy, 553X (B AR 2 8230, 3 Ui B 78
RSB PLA 73145 PC 73 T8k Z ] H k4
T — KR A4 S Ny . fE 4l PLA/PC(70/30) FHiR 1K
AP IERY npe/np 298 0,040, 5 Uk B 36 R
Yh PC Y& w2 T H A — IR A8 4 2 g BT
ARIERY T PC &L, B B mA T AL,

is the mole number of PC-co-PLA copolymer in per gram PLA/PC blend.

PLA Sy SL AH BT, PLA 4y T8 Z L6 PC 43 F 85T
255 #E FLm AL L) O BLR 2L ) (PC,PLA )
Hi) PLA 8BS AL AL i PC 4y T8 & A E—2F
F14 T 22 4 S N . G SR ATS AR A 35 T A8 4 S i UKk AR
7E PLA 55 BORN PC 43 7 5% (1 v 8] 47 &, IR 4 25 A
2 Fp LR Y14 5 F 45849 53 5l 4 PC,PLA, PC, I
PC,PLA;, , AR T A 1) 3 3R W) 78 56 BUAF — K R 38
e Je X5 PC oy T4 kAR T 5 KR 58 ik
N AR 47 PC H & BT Ml PLA 5 & o)
SEREE IR L npe/np A 0.09. B, XF T 46 PLA/
PC(70/30) IR K &, 1T LA R A — 3 40 g 58 46t
P S PC Ay FHESEAT T KR A M R 6F
F4li PLA/PC (30/70 ) MRk R, IR YW ny/
np 278 0.015 i F PC 5 PLA & A — BR3¢ 4t
I 7 1) B 2 JBE R L (0..03) |, AT fig 2 P 43 A B
AR Y5 PLA B & A T 5% — R B8 38 4 ) i . [+
PR b AR, i AT AR R Y b i PLA
BB 5 PC 4y kA = R DY IR g A8 4 S Jor B
LR Y PC B2 ot PLA &5 BT 1
PIEE IR o/ np 3 290 0. 21 F1 0. 45.
XTI BR R DU TR AR A A Ak R Y 2k R IR
Z, 24 PLA 4050 70% i), MR ik & k5
YIBEE IR e npe/np R 0. 323 38 3 F 4l JE R {4k
R ALY ALK L, BT LA Sk S B A 2 i
3 %) 4 kY5 PC o4 1 g 5 4 20 A5 2. Y
PLA Ji 50508 30% i, 34 IR 4 28 v 4k 38 4 i g
IR npe/np R 0.07, 5 T PC 5 PLA &4 —ik
i 38 48 S N7 7= 49 1 °F- 349 JBE R EE (0. 03) |, Ul BH 58 4
HRY 5 PC 4y T4 LA T R ER sS4 ) . ]
LA M, m AR5, PLA/PC 30/70 14 2 AT
J R AILER & A T AR AR L) PLA-co-PC 3L 5
Pyl A= T 5 U TR B 4 SR, AN S T Ak 7 B
Y 5 B BEE ) PLA & AE Z R RS, 5 5L
LY PC E B & 5 BRI, 1 a5 S
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IR 5 R ML PC R ZIRER S, B3
HRY h PC HEB W & wIG M. koA, 18
PLA/PC 30/70 & & rf | PLA 4% B Fl PC 4% Bt 78 7Y
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Fig. 3 Schematics of interfacial reaction with the orientation of

chain segment
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TRANSESTERIFICATION BETWEEN POLY (LACTIC ACID) AND
POLYCARBONATE UNDER FLOW FIELD AND ITS
INFLUENCE ON MORPHOLOGY OF THE BLENDS

Chun-yan Liu, Chi-xing Zhou, Wei Yu
(Advanced Rheology Institute, School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)

Abstract Tetrabutyl titanate has been selected as transesterification catalyst of poly(lactic acid) (PLA) and
polycarbonate ( PC) to investigate transesterification mechanism between poly ( lactic acid) ( PLA) and
polycarbonate (PC) and the influence of transesterification reaction on the morphology of blends with different
compositions. It is found that the transesterification reaction time,the fraction of reacted PC,the composition of
polycarbonate in copolymer,the weight and mole number of PC-co-PLA copolymer increase substantially with
the increasing of the composition of poly(lactic acid) in the blends no matter the catalyst is added or not. The
difference in the amount of the reacted PC between 70/30 and 30/70 blends increases further with the addition
of catalyst due to the easier alignment of PLA segments in copolymers along the interface when poly ( lactic
acid) is the continuous phase as compared with polycarbonate to be the continuous phase. Moreover, the
interfacial reaction mechanism in PLA/PC 30/70 blend is found to be changed with the addition of catalyst
since the dominated factor that influences the ester exchange reaction has changed. Furthermore, the domain
size of dispersed phase decreases due to the promotion of transesterification by tetrabutyl titanate. Especially,
larger mole number of copolymer in blends with PLA as continuous phase is produced when catalyst is added,
which causes a more evident decrease in domain size in blends with PLA as continuous phase as compared to
that in blends with PC as continuous phase.

Keywords Transesterification, Morphology, Flow field, PLA/PC



