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Fig. 1 DSC heating curves of pure PLLA and PDLA and
equimolar PLLA/PDLA blends after first processing at
different temperatures of 210, 215, 220, 225 and 230 C
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Fig. 2 Synthesis of sc-PLA and sh-PLA

f4 [T AR 25 i Fifi % PLLA 11 PDLA 45 {& 78 35 U]
TER R Bt — R A, BB R T 3 i 35 R
JEUR W) se-PLA [ F5 Ak ad 72, 1T sc-PLA 1) 45 &
JEASWT K. 0 Al TR IR B P 2R AR R B
A ARG 58 TR Y se-PLA 1] DL& A= 38 43 4
AAT Ry, A Z s BT 38 B Ay I AR A
TS S o ot B AR AL AR L T se-PLA,
7] Bp ELAT ST A ik B S5 R 1Y) sb-PLA R BHE B 53
— 7 T, s T VR T P R g TR S M S I R B K
A, sh-PLA A2 RN WS K, T se A1 he BYTE A%
Z I AFTE Ju e R A3 AR B se-PLA &5 5
A DRI AE 14 sl S TS R A R T R S L
W e B AN se-PLA A . 1K & A Y
sc-PLA S0l T 4 P14 Bt W 4% FR i) T ¥ B4 &+
HE (1932 ShBE 77, BRI R AR 1 2E B se-PLA 1) 45
Y 5 2 A R T X 4 RO B Ol 210 R 215 °C 1
R, se B R R, se A B AT LIAE g U,
PE3E T PLA (25 & X itk — 25 EPIE T A S0 56
() DSC Fhil &4 T, B AR ml i B R )5 A )
sc [ 1535 W) K Ak 1 Ve &5 T FRE Bl AT O AR 1SR
AH .

&l 3 &0k — ke Rl 3R J5 9 PLLA/PDLA
IR DSC FHR 2. IE ol LA H BRILR
TR R 210 CAF RN AL B RE i Ty 3R
Y FHIE I 28 E X B he F1 s K Bl ig. i L &
UM & B0, 76 4R TR) R TR B R, 48 8 — k04 o
TJE IR Y h he (6 fl 4 TR FRA BTN I se
{4y s Tl s T B TR K. 7 210 °C R 2k Yk 44 fil
R, B se SRR Rl , sc AR X 5o
100% . 33 Ut BHAE S — o T fe v, 2 i & A7
FEIY PLLA 1 PDLA 5% BE 7 5 il 25 F 4k 2k & 4 ST
MEAVER AR T 2 1) sc-PLA. 5 — i T 5
(18 AR ), A A1 1 s o P TR TR A R LA o
45 I sc-PLA A Y.

ARSCAE AR R se g R B A & B RoR

50/50-230-2

1
!
(
|
|

L 50/50-2252 A !

! T
1 [ |
[ 1 L
L 50/50-220-2 ‘/J\_

50/50-215-2

Endo

|
|
|
|
|
|

50/50-210-2

40 60 80 100 120 140 1601180 200 220 240
Temperature (°C)

Fig. 3 DSC heating curves of equimolar PLLA/PDLA
blends after second processing at different temperatures of

210, 215, 220, 225 and 230 C
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Table 1 Thermal properties of the PLLA/PDLA blends after first and second processing
Tg T T T ms2 AH AH,, AH, S X X, ’
Sample
(C) () () (C) (C) (J/g) (J/g) (J/g) (%) (%) (%)
50L/50D-210 51.5 157.7 168. 4 210.6  229.6 0.7 35.9 — 98. 1 25.3 18. 1
50L/50D-215 52.8 157.9 168.9 209. 3 229.4 10. 4 25.4 2.2 71.0 17.9 16.6
50L/50D-220 52.5 159.5 169. 6 209. 5 228. 1 16. 4 22.4 10.2 57.7 15.8 10.9
50L/50D-225 52.2 160.2 170. 1 208. 7 230.0 23.7 13.9 20.5 37.0 9.8 8.0
50L/50D-230 52.5 159.5 169. 8 208.5 229.3 24.2 12.0 18.5 33.1 8.4 6.8
50L/50D-210-2 52.8 — — — 229. 1 — 49.0 — 100 34.5 23.4
50L/50D-215-2 51.7 157.9 167.8 210.9 229.8 0.3 45.6 — 99.3 32.1 22.1
50L/50D-220-2  51.6 158.3 168. 4 208.9 228. 1 0.9 42.5 — 97.9 29.9 19.2
50L/50D-225-2  53.3 158.7 169. 6 208.3 228.6 14.2 25. 4 6.91 64. 1 17.9 15.1
50L/50D-230-2 53.7 159.3 170. 6 209. 7 229.1 28.7 14.4 21.09 33.4 10. 1 9.0
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Fig. 6 Vicat softening temperature of the 50L./50D-210 sample

after annealing under different conditions
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Fig. 7 DSC heating curves of the 50L/50D-210 sample

after annealing under different conditions

Table 2 Thermal properties of the 50L./50D-210 sample after annealing under different conditions
Annealing T, T T T T\o AH,, AH,, Je X
temperature () (C) (C) (C) (C) (C) (J7g) (J/g) (%) (%)
N ealing 51.5 157.7 168.4 210.6 229.6 0.7 35.9 98. 1 25.3
60 57.5 160. 6 172.1 218.5 234.2 1.1 53.3 98.0 37.5
80 58.9 161. 1 173. 1 218. 1 234.8 1.7 54.1 96.9 38.1
100 60.9 161.4 173.3 214. 4 234.8 0.2 61.6 99.7 43.4
120 63.3 161. 4 173.4 — 235.2 0.5 66. 2 99.2 46. 6
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CRYSTALLIZATION STRUCTURES AND THERMAL PROPERTIES
OF HIGH HEAT-RESISTANCE PLLA/PDLA BLENDS

Lu Chen, Song-chao Tang, Ji Xia, Wen-liang Pu, Rui Li
(Key Laboratory for Advanced Polymer Materials of Shanghai, School of Materials Science and Engineering ,
East China University of Science and Technology, Shanghai 200237 )

Abstract A series of equimolar blends of poly ( L-lactic acid)/poly ( D-lactic acid) ( PLLA/PDLA) were
prepared by melt mixing and the blends were investigated by means of differential scanning calorimetry
(DSC) , nuclear magnetic resonance (°C-NMR) ,wide angle X-ray diffraction (WAXD) ,etc. It was found that
when the blending temperature was 210 °C, the stereocomplex (sc) formed from equimolar PLLA/PDLA
blends exhibited a high melting temperature at 229 C and showed 98. 1% crystallinity degree. As for the
sample after isothermal annealing up to 120 °C ,the Vicat softening temperature approached to 126. 4 C. It was
indicated that double melting endotherms were characteristic for the sc crystals in the DSC thermograms , where
formation of the stereoblock (sb) occured at high processing temperatures. The high-temperature-side (230
°C ) endotherm and the low-temperature-side (210 “C) endotherm resulted from the melting of sc and sh
crystals respectively. As the blending temperature increased ,the high-temperature-side endotherm was reduced
and the low-temperature-side endotherm was emphasized. The relative amounts and crystallinity degree of sc
crystals decreased significantly with the increase of blending temperature. The sc-PLA had good processing
stability. The melting temperature of sc crystals stayed constantly after second blending. Moreover, the relative
amounts of sc crystals increased slightly. The PLLA/PDLA blends composed of networks of sc might be
applicable to the heat-resistant materials, and this paper provided a new method of improving thermal stability
and processing property of PLA.
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