%1 =

% j:li No. 1

2012 4F 1 A ACTA POLYMERICA SINICA Jan., 2012
- AR -
1,3-PBO ¥y M im R BRI B e R
HEHKT FHA ARA Kek
(BRPIREHE A2 A2 546 T2 BE A IR AL T AL SR B0 E P2 710021)
W OE IR AR E R B A AR SR AR B THIR I, 7E 170°C (0. 098 MPa 5 {4 T H Hedas Ml 4 3R A )

wiRFE AL R Y P (LA/SA). ¥ H A 2,2-(1, 3-WF & F ) - WE e bk (1, 3-PBO) ¥ £, #& n (—COOH )/
n(—oxazoline) = 1:1.4 [l A 1,3-PBO,7E 150°C , 0.098 MPa 2514 W 15 min ] 15 52 ¥ e fig ( PEA) .
%A GPC . FTIR,'H-NMR ,DSC .XRD TGA .SEM 45 F Bt %t B4 W i G5 M HEAT T R AF Ak AE I K. S5 R, 55
P(LA/SA) LG, 348 7= W AR 43 F B 4 KR B 2 0, T3 4 F 438 36 x 10° 74 T, b PLA FH3, A4 KL A9 R
PERG SR s = TR e YR AR =, O — D R e A R P(LA/SA) FRAR, SR 0 P ¢ P(LA/SA) 385, (0 AH

X T PLA A it FAK.

KRR ORI, FRAEE U, B, PHE, H A mh g R

RFLWR (PLA) & — s o5, a1k K35 W]
GBS W . B R A R, W5 A
GEL7/] 3 Ny SRR ) WSO B S DN N
WA, AT T AR W EE 2 4. H AT PLA
(A T 1k AR TN ACBRIF IR R Gk FIFLIR B
IR AL SR T IR R G I A v v X T
KA RN A i 5 0 7L IR B4 4 RME TR 15 =
SrFREBEEY W T AT R LR M BER e TR
) = 2 O 25 e = =702 e % I 95
BT AR R o TR E SRS T
i, AR YRR O Y R TR R AW
R it T BRIk, X R A % B g R AT o S A
Je o E . YR O B B AR R )
535 51 DA R A5 30 A W e Ak 7 3R T 8 ok B4
PO A 35 R A 0F 5 TR

1995 4F , Bohme' "' 5% JH WL ( 2 e whk )k 47 4%
F i R BE R LR HE AT T EE B R IR B
Sl 1.3 x 10" #2755 5] 4.6 x 10*. 2000 4,
Tuominen %6 L-ZLAR 5 T —Fe IF EL 12 R & 10
SRIEFT UG TR (M, A 1 x 10" ) XL (2-HE gk )
P8k, B BT I MY T e B 4 F M OB poly-
(ester-amide ) (PEA ). U (2 W bk ) 1) 4™ £ Sz
PEAT A AR P, 2 T mE e mk 5 —COOH (1) &t Ky
1.2/1.0,200°C i} Jz Jif 10 min, PEA i M &0

ik 39 x 10%. 2010 4F, #@ B R 1,4-0
(2-WEmenpf ) 28 e 0 AL P IR e TR A 4 791 X
[i) Ao LA it 22 35 R o 0 5 1 I 437 2 1) 58 T T
(PEA) BURAKAT T 85, RS T mior T &
(9 5L A ) 6 e 1k SRR I e 1,3-PBO & X 2
FEAE I XUE BE A PR S i R S
A LA HRE i AR T 43 O o R i ek 2L ik R R
H R R R RE RS T

IR, X6 H e b 2J ™ 5 7] 5 2R L 1R 2 T 2R
™ 5% S 7 B AF 9 A8 WIS 25, H I e bk 2
EFEPE B A ) AR e P A 1 O Bl e A
R AD G B BEAA R0 28R
FE LA SO o FH LR T 0 T A R i R

RIALMILRY) RIF KM 2,2-(1,3- 3K ) - I
MEOR (1,3-PBO) X iR 56 SR FL R IL R Wy it 47 9 B

BITRZ I FI1 4% A0k T B of e il 22 7
1 SEIEER4y

L1 FER5RHF

FLER (LA) , K # i B 25 B Ak 2 3K 70 4 IR 2
A Al iR e i 28 R AN AT K Ak B 52, 2-
(1,3-F 2858 - Bk (1,3-PBO) , K i% fb T4
FEBTHBE 5 S BRI 8 [ Sn (Oct), ], 6 2 52 [ £k %
A B R T B (SA) , R R A2

* 2011-08-31 Wik ,2011-09-27 & Fi ; B 4 45 FHEL 3¢ I B (31 H 5 2008K07-32) BRPH4 0 F T 8 s S0 g0 2 d i AL R H (B H 5
09JS061 ) FlBk v B} 57 K240 58 A= B 87 36 4 W B 5 s 38 UK R A, E-mail ; fangd @ sust. edu. cn

doi:10.3724/SP.J. 1105.2012. 11272



13 BEE AR A 0 1,3-PBO 4 B B0 iR 2 3R LR A R E SR AT 15

WA Sy, REET A2 A IR ST A A
KOEE, RN AR F) s B EE, REma
AR DA R B Ak B R Ak 2 Al A
A Ry 3 Hr k.
1.2 WREFRIBERYHEHSE

Fra i K FLAR 29 30 g T 250 mL = H B
1 ,0. 098 MPa {4 T 43 %76 100°C 1 120°C T B¢
2hfE,#n(T @) :n(FLER) = 0.5:9.5 1
e AT Z BRI, in A & 43 F0 R 0. 5% 1 i
B3 3 B W% [ Sn (Oct), ], 7E 140%C . 160C |

O O
— =~ CH

o
L L] + HOOCCH{OCCH

Phenyl-1,3-bis(2-oxazoline)

0] (0]
Il Il

g i
_CHZCHzNHC\O/CNHCHZCHZOCCH OCCH O(ﬁéHOC‘{C }CO&HCO CHCO CHCOO—
m

PEA

Scheme 1

1.4 BEEYMRERIE

AT 3 J52 s K L3 Ai 00 I 2 SR P ke 18 i
{3, Waters 515-2414 B Waters 2\ &), LL & 45
R BRI R ARFE TR 0. 8 mL/min, %
MR HEAT 5 FTIR 43 47 >R A8 L i 22 4 21 4 O 3%
1%, VECTOR-22 #! BRUKER 7\ i, £ 400 ~ 4000
em ' JEE P BE SR S KBr By oK IR A 5 R A
A %2 'H-NMR 4 #f 5k I BRUKER 7\
ADVANCETI 400 MHz #; f 3L 4% 1, L CD,C1 &
%5 50 2 5 DSC 43 #r >k ] 4% [ NETZSCH 7 +]
DSC-204 #Y7R 22 47 1 15 24 43 7 300 22, T il 2
10 K/min, F+ i 36l - 20 ~200°C ; TGA 4 #7 J1H] 35
B TA 23 m] 4771 TGA Q500 HY A 344X, I BE
0 Ry 2 I ~ 1000°C ; XRD 4341 5% Y X5 405 45
1%, D/max 2200PC, H A B 22 /\ &) (Rigaku ), Cu
AR 40 KV, A5 40 mA S HE 8(°) /min,
KA DR AL, FEM 2 BB R R G it ; SEM
M,k S AR R B, SUPRA 55 #Y  fli[E] ZEISS
23 ) AT ORI S

170°C 53 591 S 07 5 1 /N B ol A o 2 e 2R L 1R 4 2R
Y (P(LA/SA)). #it B8 GB2895-1982 A/ Al B His
Y g T L P 000 2 2 ) R A
1.3 1,3-PBO § #mBRERIBEREY
SeImBE A o R R AL R IL IR Y RS 2
EIERE  AFER A 1,3-PBO, £ 150°C ,
0.098 MPa T #4744 [ I , S W B 18] 15 min (2
Wy AR AR B 1), RO 5E R 4 BT AR B
TR T N O K UTVE , 08 TR A YT
B WA

O O

CHj, $H3
océ H oc{c }cowco{c HCO}CHCOOH —
n

Carboxyl-terminated PLA

n

Scheme of the synthesis of lactic acid based poly ( ester-amide )
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Table 1  Analysis of GPC

n(—COOH) /n(—oxazoline) M, M, MWD(M,/M,)
1:1.0 31600 62900 1.9
1.2 61400 221000 3.6
1:1.4 71400 361000 5.0
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Fig. 1 FTIR spectra of PLA/SA (lower) and PEA (upper)
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Table 2 The DSC data of polymers

Polymer T,(C)
PLA 43.03
P(LA/SA) 52.22
PEA 61.21
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Fig. 2 'H-NMR spectra of PLA/SA (A) and PEA (B)
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Fig. 3 TG curves of polymers

Fig. 4 The X-ray diffraction spectra of polymers
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Table 3 Comparison of polymers’ X-ray diffraction results

Polymer  Crystallinity (% ) Peak position/26 (°)
PLA 34.42 14.7 16.7 18.9 22.3
P(LA/SA) 61.45 14.8 16.5 18.8 22.4
PEA 42.86 14.6 16.9 18.9 22.1
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Fig. 5 SEM of P(LA/SA) (a ) and PEA (b)
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STUDY ON CHAIN EXTENTING AND MODIFICATION
OF P(LA/SA) WITH 1,3-PBO

FAN Guodong, LI Tiantian, BAI Xiaodan, ZHANG Chunmei

( Key laboratory of Auxiliary Chemisiry and Technology for Chemical Industry of Ministry of Education

College of Chemistry and Chemical Engineering, Shaanxi University of Science and Technology, Xi’ an 710021)

Abstract The effects of the amount of chain extender,2,2’-(1,3-phenylene) bis(2-oxazoline) (1,3-PBO),
on the synthesis of lactic acid based poly (ester-amide) (PEA) were studied. The carboxyl-terminated lactic
acid-succinic anhydride copolymer (P(LA/SA)) was synthesized via directly melt polycondensation of L, D-
lactic acid with succinic anhydride and Sn( II ) octoate as the catalyst at 168°C and 0. 098 MPa by the method
of a gradient increased temperature. Then, the PEA was synthesized with P ( LA/SA) as prepolymer and
1,3-PBO as extender. High molecular weight polymer was produced within a narrow range of copolymerization
parameters. The highest molecular weights were achieved with the molar ratio of oxazoline/carboxyl end groups
being 1.0/1.4 at 150°C and 0. 098 MPa for 15 min. The structure were characterized by spectroscopy ( FTIR
and '"H-NMR) and the properties were investigated by gel permeation chromatography ( GPC) , differertial
scanning calorimetry ( DSC) , X-ray Diffraction ( XRD) , thermogravimetric analysis ( TGA) and scanning
electron microscope (SEM). Results indicated that the highest molecular weight was over 36 x 10* measured
by GPC and the chain stiffness presented a tendency upward detected in mechanical properties as a result of
the introduction of benzene rings and amide groups into PLA/SA. A distinct improvement in the thermal
stability of the resulting polymer with the chain extender was observed compared with the unmodified PLA by
TG ,just as an one-step thermal decomposition. The crystallinity of the resulting polymer was higher than that of
P(LA/SA), but lower than that of PLA which indicated that the flexibility of the resulting polymer was
superior to P(LA/SA).

Keywords Polylactic acid, Carboxyl-terminated modification, 2,2'-Bis(2-oxazoline) , Chain extending



