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Study on Polylactic Acid / Polybutylene Succinate Extended Chain Modification Materials

Liu Sawen, Gao Shanjun; Shen Chunhui, Qi Hongsheng, Chen Xiuling
(Institute of Material Science and Engineering, Wuhan University.of Technology, Wuhan 430070, China)

Abstract : Poly-L-lactic acid (PLLA) was synthesized using L-lactic acid (L-LA) as raw materials. Then new block
polymers were synthesized by adding highly efficient reactive chain extenders 2,2'-(1, 3-phenylene)-dioxazoline (PBO) and 4,
4'-diphenylmethane diisocyanate (MDI) into-PLLA / polybutylene succinate (PBS) blend. In the first step, the blend system in
which the terminal group was mostly hydroxyl was produced by using PBO's characteristics that it was easy to react with carboxyl
groups and inert to fatty alcohols, and the selectivity of PBO to carboxyl groups was verified by acid titration. The second step
was to add MDI that was easy to react with hydroxyl groups, which caused the molecular chain growing further and improving
the compatibility of the two phases. The products were subjected to nuclear magnetic resonance spectroscopy, Fourier transform
infrared spectroscopy, scanning electron microscopy, differential scanning calorimetry, thermogravimetric analysis, melt index
test and mechanical testing. The experimental data showed that the reaction formed an amide group and verified the selectivity
of PBO to the carboxyl group. The compatibilization, processing fluidity and thermal stability of PLLA / PBS were improved by
compatibilization and chain extension. With the increase of PBO and MDI content, the tensile strength and elongation at break of
the material increased first and then decreased, and the impact strength was significantly improved, which changes the brittleness
characteristics of the material.
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2, BARSFRE IR S PLLA B/ (HU2HRR
ZH PLLA JE G b g i DXt A7 Dk 20 , 511 1149 43
T il A SO A B R AN R L, AN
[T T 5 B PLA G AR A T Ik R ity , i 2
T+ T MR R 2R RE kB S H A B
1 LIES
1.1 =ZR#
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Th % 100°C, 4E+F 30 min R4l ib P, F 2445 5] I
B L-LA.

PEER 2 B 9 100 g L-LA,0.4% 3¢ ik W1 )
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SEAVE A, FHE A T VA HAL R TE K F R,
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(2) PLLA/PBS BBtk 45

1 PLLA Fll PBS J3 5l il 75 35 X148 46 v 80°C
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RAISE A AL RE 10 min, B & E R
185°C, % 3# 4y 55 r/min, il A— X &= ) PBO ¥ %k
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FHRL, AL R 5 59 25 U0, TR A 38 13 98
BCFY TR IR 2. A SRSy VRV
JE 170°C, {E ¥ A] 12 s, AT R 5 s, ¥ HIA]
6 s, EHE TS 6 MPa, T HEALE (i FHFTHA S X T4
i 50°C T 1 hP HiE PBO & e, FRHL— i it
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Wy BRAE 73R AEAE T 78 S B2 CH H 0.01 mol /L

1

*F1 AERA g
RS PLLA PBS PBO MDI
1* 60 20 0 0
2* 60 20 0.5 0
3 60 20 1.0 0
4 60 20 15 0
5* 60 20 2.0 0
6" 60 20 25 0
7 60 20 3.0 0
8’ 60 20 15 0.5
9* 60 20 15 1.0
10° 60 20 15 15
11* 60 20 15 2.0
12* 60 20 15 25
13* 60 20 2.0 2.0
14* 60 20 3.0 3.0
15* 60 20 5.0 5.0

KOH i , THA iR HE AU 5

Biti FR1E CH-NMR) 2041 LURAR &5 i
I, PO ERERE (TMS) A PR .

FTIR 70 #F: % H KBr & F il #£, F 400 ~
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ZER FHH EHC(DSC) b : AR R
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P AT (TGA) M A A, Tl R
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MFR Il 2. & B 155 °C, i #& 3 min, i &
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PBO 52 JE M) S W T PEAR i, X i 7 P S22 1
P, DRI AT LA S5 5 1 b o SR i 1) e i oty 6, I
A A A RISV . MDAt ] L 553688 i s i 2 1y A
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TR, 3503 em™ ZE AT A AR FREE—OH X Bk
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OIS , 4D 1657 om™ b ids H IR AR R B ik
Wi L b R RS AR U A5 2 T H AR
PLLA-PBO-PBS.,
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2.3 A FHREM K

& 5 345 7= 1 1 DSC 4, A I B0HE UL 36
2, 1o T B AR, T, R 2 i, Ty
h PBS % 55, Ty 0 PLA B9JA 15, X, R 4h S
AT LA H PBO il MDI 4 £ 48 25570 #5474 o 7= ) A
FUEMEMRCR, &P 5 I0R )G = T, 5 T,
TR ORI R e A
VR RIS PR ALE A OB AR LT 2R3, {45
3 FEEWIE G5 , o> BE AR IR BiE Sl AR B T
W2 nhe e, BT LA T IR E P TR AE A4 R
ARAEANT, SR ml g T A A S s N 33X
JEUN R ER I 531 B 388 i D R Pk e 32 11 A
RS T4 M LA L HES ], W R b i T &5 b
HIMERE , X, 2R8I, 3% A SOtk s i B
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H e B a0, SR Y T, o 500 5 31 SCHkic 2%
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TR AR R B Y, X S R S 5
PBO 5 MDI HI PLLA /PBS 3iis 5 () 4k 27 B4 ]
JB T IR R 7

=y
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60 100 140 180 220
R /<
1—5";2—13" ;3—14
K5 ™4 DSC ik
R 2 ¥ HEFH DSC L IR
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& 6 M EEF= 1 TG Al DTG Hligk, tHES 5L
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RS Te/ C Toax/ C D/ (% - min™)
5* 265.72 313.91 -10.36
13* 290.13 335.18 -11.24
14* 303.02 356.54 -12.37

PR R, I H D WA B F R, 7T AR IR B F
FFEHE— 2l ] MDI 5 s my e 2550 e
A A TGRS 1 S v o R PR Rl A B A
MEHR 4> FEA T B i H PBO 5 MDI
AN PR A AR BRI A, I I B O S T B
(RIS — A, #0e PVRa P T i i 6 AT, X BB A
F LRI A AR A SRR v B s
2.4 SEM 447

B 7 AN E BB i SEM fE . L 7 7]
PIE i, PLLA/PBS HLIR IR RAR ALY, WIAHRY
X4 B 5 Jin A PBO Jim AH A 1A B SR 3 A7 7 il g A
B R A A D KRR T s eI MDIJE
FlH TR DB TR S A S B0, 9 BRI A S A X B
E2 0 o NGRS ) S iOE 7 )T N 1250 - E £
AR PRI B, B LATE 12200, smi LA B
T B B,

a—1";b—5";c—10" ; d—14°
K7 P57 SEM BR

2.5 AFHEESAT

PLLA/PBS & & 4 B4 47 fd M i UL &1 8.
4l PBS A9 HL M58 & Ky 34.4 MPa, 1fij 4l PLLA [ 4
R EE AT Ik 69.1 MPa., A IR, AIAY"
BEFIAY PLLA / PBS HHIBY (M58 FE 24 30 MPa, 4
JIA 1.8% (1.5 g) (1 PBO Ji7, i 7] 5 52 3k 1) K2 i
fPAH A S 24 T, PLLA FI PBS 45 H A9
AR DUABLE SRR R b BB B A5 5] T
ERARTE e hn3 52.6 MPa, 1 24 i — 42 5 PBO
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A St i, ol B s A1 s, Dt K1 400 A P A
TR R L Y5 I N AR e, TR A A 2 2 1k i 2
I, AR R M B 1) 58 AR 2R AN RE S A AR
PLLA f 75 B 0 5 0 PBS AOIPE , HLA SO Y
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® 155 #
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010 0.‘6 1.‘2 118 2.‘4 3.‘0 3
MDIJF 5344/ %
®)
a—/NA] PBO & i IR GE ; b— A MDI & s i (7 ffi 4 g
8 bR R R

fif & PBO fiAE L He J5 P A MDI i K & P
R NP BE, W ar P vl DOWERE], S A
1.8% (1.5 g) f MDI J&5 , & & ARk hir A B if—
AR HONE 72 MPa. T IR A &5
PR T R P 4, D R I A B K1) 0 -t
155> T 552 ShRXE, A U N TInA S —
Py 71 MDI BEE— 254 = A RHhr A5 B 1) Ji
S ROV R SO R) A2 RO AN (] 3 S e L
{1 MDI IS 2 2558 PBO 47 B I 724 07
K T, FLHT 0 IR o A i o ik — 25 38 K T Rk
HIFLAH SR . PLLA /PBS iR 1y 244 K A A
5% Zc A7, HATRHEPE BT, i A 2y 1.8% 1 PBO
Ji L A4 RE A W7 A K S 38 i 2] 75.6%, SR B
# PBO A 2G4 i1 T PLLA F1 PBO AHZ 1, i 24 HL
AR ' AY PLLA-PBO-PBS 17 ¥ 5 5 1.8% 1y
MDI JE RIS , R A BE 2 93450 L) s 4+ 1
ARG B 2K 285 129.4%,

9 7R T AP B s o ARk . T IR H 24

HESIN T PBO $E 78, 9 B FURME A $2 71, 578
MK HE AR A BN, AN 2 4 B S B 4 A
(RO F 4 T 8, Tl TR M 28, AT B T
XM .

14 -

[y
N
|

10 -

R / (k) - m2)

2 ¥ 4 5 g 9 107 117
EXS TR

O APy R
2.6 MFR M3

X T PBS i 5 5 MFR 32 i 3 sl A def 1 e LA
Tl T H Bl 22—, ifii PLLA ) MFR I &b F
ATE R T RS . S AT sE & B, PLLA /PBS 3t
IRAR 21 MFR4: FEPBSUIN A 1 728 Ak 1T 2 28 4%
F AR Ak BN AR 3 ¢ 1B, MFR 2 25.64 g/
10-min, M M 1 © 1A}, MFRIX 3] T 69 g/
10 min, SLIGTEPCEE PLLA /PBS iR My i k4 ik
(4 [ B, A B R A Ak LA B 3 Y i s e LA
TN, & 10 AP EEAFIEC LS ) MFR. BEE -
BERS ARG, P20 MPR 2 TR Rt sk sy
GIRINEERZ , MFR B S LG R  (HAAAE I A
(B I AZE IR IR R bR T4 55 LR AR R 4y
T KM LTS, A BB 77 Hh R R S R (AT i B
B VE Aol DA R I e v 20 T B 25 A ol L
AHACHR I PR 25 ), ARG I T 53 F-12 sl i) RIS
I 24K 22 i R 3 IR 4 L N A N SE
KRBT BB INFIE R /N FAEEAR ZR v 3R
T FEERIBR, Rl MFR A T /DT 5

= =
) ©
T

(2]

MFR / [g + (10 min)™]

o

5 7 1% 1
RS S
F 10 RREIBCHATRHY MFR

3 it
fiff | L-LA & i PLLA, & PBO ¥ %5 71 5
PLLA /PBS &4 N, A MDI #E—25 7, 18
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AL RSO R, AR BE ROV, PBO A

4 1.8% H MDI Ao 1.8% I, 47 8 Sz 17 8% AR

HRAF, FORHREIR A e e B PR IR A SR B . IR

P im — R IR, TR A 45 S

TOERIE BRI BN, A AN [R) R Y

A A B AT AR SE A, I [ $ i 1 AR A2 [A]

I, PR AS [F) 26 88 H AR AR 2 A 9 58 50 6 PLLA B

P45 N AT RE BT 5 PLA R GE TR RS T7

LB TR 2R SR AR 2 A7 A s ok

Mo RESEIR T AR R TR, B T

T R S R T 1400, BRHE A B

etk — FITERE AR AR S T Ee WS de H Y o

& % ok
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