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Synthesis, Characterization and Process Optimization of
Poly(D, L-lactide) with High Molecular Weight

WANG Yagqi, YANG Yang, WANG Liudi, LI Yulin, LIU Changsheng
(Engineering Research Center for Biomedical Materials of Ministry of Education, School of Materials Science and

Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: Poly(D, L-lactide) (PDLLA) with high molecular weight was prepared by ring opening polymerization (ROP) of
D, L-lactide. Effects of reaction temperature, reaction time and molar ratio of catalyst to monomer on the molecular weight of
PDLLA were investigated through orthogonal synthesis experiments to optimize the polymerization parameters. The number-
average molecular weight, chemical structure, thermal properties and mechanical properties of the prepared PDLLA were
analyzed by gel chromatography (GPC), Fourier transform infrared spectroscopy (FT-IR), nuclear magnetic resonance
(NMR), scanning electron microscopy (SEM), differential scanning calorimeter (DSC), thermogravimetric analysis (TGA)
and universal testing instruments. The degradation properties and cytocompability against fibroblasts (L929) of PDLLA were

also evaluated in vitro. The orthogonal experimental results indicated that the optimal parameters for synthesis of high
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molecular weight PDLLA were that with the molar ratio of catalyst to monomer of 2.04:5 000, the reaction temperature at
135 °C, and the polymerization time for 4.5 h. Under such conditions, PDLLA with a number—average molecular weight of
2.01x10° was obtained. When the monomer conversion rate was considered in the meantime, the reaction time could be
selected as 6.0 h. The obtained PDLLA had a tensile strength of (39.9141.34) MPa, an elongation at break of 3.94%+0.54%,
and an elastic modulus of (1.68+0.34) GPa. The degradation rate increased rapidly after 220 d incubation in phosphate buffer
saline (PBS). The PDLLA membrane could promote the proliferation of fibroblasts in vitro, indicating its good
cytobiocompatability.
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WP I] SR E | AR 5 AR B W 5 A e 2 ) o i o 5 S0 I e SR FLIR (PDLLA) 231~ & 9/ A RLARE, &%
B IR B A TT BRSSOV 264, il % 15 055 PDLLA, Jf X H 2 ERE | B RE S AR WA A
AT TR

1 Ko

1.1 ERARF

HMETE-N AR (D, L-LA): 43 4li, B pg 8 B A TREA BRA 5 SRR W85 (Sn(Oct),) : 43 BT 4k, PHA% F 1
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a3 A DSC 2910 B9 ) il %2 54 W 1 B B Ak % A iR B2, MK 25 °C LA 10 °C/min (3 FHR 2 120 C(— kK FHRD),
5 1 min; BL 10 °C/min () 3 Z& A 120 °C [ 2= —20 °C, {445 5 min; L 10 °C/min A9 33 % i1 —20 C JHE &
120 °C( R FHR) J 45 oI5 SR A A% i 3L PR A (7 []) BRUKER 28 5] AVANCE-IIT %4, 400 MHz) 4347 R 59
25, S AR T (CDSC A SR FHZE A P (T8 5 NETZSCH /A 1) STA409PC %) il 5 24 W 11 43 fit
TR, i FH 2 TR B A R, THE X B4 25~600 °C, ZSUR B, FHEHE R A 10 C/min,
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& AL Sn(Oct),, RN A# B T FEEM T 1 h )5, AR, REHRETHEE 130~170 C
() 3 — IR B, PRI IR S — B[R], AR AR IE e AL TR AR . RO EE G, Jefs ko md, (E A I py 2
BTSRRI 2 5 RS P R R R . e AR R RS, InATCOK S EETUTE,
13RI VITEYITE 60 °C £ 25 T4 24 h J515 5] PDLLA Ff 5, FFAELE]-20 °C AIVKAF
132 B g 4A4F2f PDLLA 4T 2% #%wm (DTS AR Y)Y & 2 X PDLLA 2034 53+ 5 (1952 0 .
i I S SEE T] S 7.0 b, 43 SRS 7 SR T 130, 140, 150 °C i, AR AGAEAL ] 5 B0k A 8 B A 22 1 (1,15
5000, 2.04:5 000, 2.66:5 000, 3.02:5 000, 3.38:5 000, 4.44:5 000) X} 7= 4 () B4 50 F A0 . (2) K I
[ %F PDLLA $034 5> T 5 M52 . 2 il 4 Ak 0] 5 SRR Jo i) i 22 Bk 2,662 51000, 435I 9 7 2 i A 130,
140 °C B, AR IfR] (1, 3. 6. 9, 12, 15 h) 75 3 (4 7= 4 B 50X 43 -7 i S s G Ak R o (3) S g B8 XoF
PDLLA (354> F 8 MR . 45 i 52 5 18] R 6.0 b, 433l F 9 70 A AL 390 -5 SR A i 9 Jo 1) 1 =2 HE R 1,155 000,
2.04:5 000, 2.66:5 000 B, A [5] 5207 T B (130, 140, 150, 160, 170 °C) X P28 7> TR0 . (4) 1E 3858
¥y, il R IEAS SR Xt PDLLA & M T 2 uE ik, IEAC L6 4% I R KP4 1.
133 AFwgnX  H\hRHREWH FREAVLLE 180 °C . 10 MPa 8 #4 % il 15 5 & # #i I (120 mmx
150 mmx0.5 mm ), $& Ji5 K A5 4R B9 UL 48 7Y , 35 5 >R FH L -0 B30 L (SE I Tk R e (R ) A5 BR A ]
CMT-2503 ) 3 3o s 1) 3 24k fie . AR N GB/T 1040—2006, Ff 45 Fi /3 K 10 mm/min, IR 25 °C, i
# 1 IERLE R

Table 1 Design and results of orthogonal test

T/°C n(Catalyst) : n(Monomer) t/h
No. M,
(A) (B) (©) !
1 135 1.65:5 000 45 1.93x10°
2 135 2.04:5 000 6.0 2.19x10°
3 135 2.35:5 000 7.0 1.37x10°
4 140 1.65:5 000 6.0 1.74x10°
5 140 2.04:5 000 7.0 1.66x10°
6 140 2.35:5 000 45 2.04x10°
7 145 1.65:5 000 7.0 1.67x10°
8 145 2.04:5 000 45 1.55x10°
9 145 2.35:5 000 6.0 1.58x10°
Sum 1 5.49x10° 5.34x10° 5.52x10°
Sum 2 5.44x10° 5.40x10° 5.51x10°
Sum 3 4.80x10° 4.99x10° 4.70x10°
Average 1 1.83x10° 1.78x10° 1.84x10°
Average 2 1.81x10° 1.80x10° 1.84x10°
Average 2 1.60x10° 1.66x10° 1.57x10°

Range 0.23x10° 0.14x10° 0.27x10°
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Fig. 1 Effect of molar ratio of catalyst to monomer on the number-
average molecular weight of PDLLA
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FEL PN T v 5 o ik B T 386 0 43 1) 32 Bl R, AR B oy F g N . TN SCBR & TT A IR G453 B R FL R 1 i R A
PR R IR 5 B R A AR, S0 I I Ak L T e BT SR S R R B TR IR G R, AT
T HI T R R, YA 5 B R B P B Y i 22 LRI 2 2,665 000 B, Bk 43 68 B i v T 11
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Wl BRI ER A T W B o R AR

214 SmIEEM MIEASTI G R (F 1) Rt 2250 K (K] 4) AT 1% PDLLA &R -& BT 200 A1B2C1,
B BE B B 135 °C, k) 5 SRR B (9 B 22 Lt Ry 2.04:5 000, 527 B[R] BB 4.5 he Q0S40 4 2% JE AR i 4L,
22, DU B N7 s [R] AT 324 6.0 he

1.8 1.85
n(Catalyst) : n(Monomer)
6l ; —a—2.04:5 000 1.80
:  —=—1.15:5000
Ll § —+—2.66:5000 175
v ?
‘ S 170
S 12¢ <
¥, = 165
1.60}
0.8
155}
06—, 140 150 160 70 Al A2 A3 BI B2 B3 Cl C2 C3

7/°C
A1, A2, A3 represent the reaction teamperature of 135, 140, 145 C respectively;
3 RWREXT PDLLA 5455 BI1, B2, B3 represent n(Catalyst) : n(Monomer) of 1.65:5 000 , 2.04:5 000,

Fig.3 Effect of reaction temperature on the number-average 2.35:5 000 respectively; Cl, C2, C3 represent reaction time of 4.5, 6.0, 7.0 h
molecular mass of PDLLA respectively
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Fig. 4 Range analysis of orthogonal experiment
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Fig. 5 (a) GPC, (b) DSC and (¢) TG curves of PDLLA
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Fig. 6 (A) 'H-NMR and (B) FT-IR spectra of PDLLA

H JiF, 0=5.16 4ty PDLLA B4 |- i f) — CH,— 40,
) H R o AE 6(B) By 2140 63 B AT DL A -
1 743 cm 'ib (4 1% % PDLLA T & B GG # b C=0
(0 45 % 3 06, 1 034 em ! 4b 1Y W W s X R T
C—O—CHM4idRzh, 2970~2 872 ecm™ Ayl 5
— CH; il — CH,— (1) C— H 8 i /41 45 41 3 A1 X 7,
I, A b 1 BT A I 4R -5 PDLLA I RRAE i — 25,
223 AFEdse i LR AR T A &R . . . .
PDLLA {f) % 7% 725 fl 2 0[] 7, PDLLA F i f 38 ’ Y g o
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FH 2L (P 9) 201, BEUR pH ZE WIS A AN, T RE 2 T 0TI e s 30 A 1 ) S 8T o o [ ) A, o i 3 3
P, FLRR L B 2, X S N 2 (H1 45 PDLLA R fif R B 1 i, 5:3% pH 3 BRI, iF—25 W58 PDLLA J
FEEAE It St aok AR B SOWL A2 A (BT 10), AT AR AR FE 3% £ 1iF 70 2 T B2 BT T8 R ~F- 3, 284 240 d BEfR S, MREER
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Fig. 8 Degradation profile of PDLLA: (a) water absorption rate and mass variation; (b) pH variation
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TR RS , P Bl A B BRCFL AORE ™ A o ORI i I BT ThD P9 ™ AR AL R TR W, X — LR g — A IE W]
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K19 PDLLA SMILEE A : (a) BEfEAT; (b) & 28 d; (o) AR 240 d
Fig. 9 Digitalphotos of PDLLA: (a) before degradation; degraded after (b) 28 d and (c) 240 d
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Fig. 10 SEM images of PDLLA before and after degradation

225 mppE M BEEE 1929 A AL 40 M, SR H 140
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P, SR 11 fros . 45 R AR W, PDLLA SRR i < 100}
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8 40 b
3 % 20
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%ﬁ: }iﬁj/ﬁfijﬁl 135 C, %4{3ﬁ[|5$1$%ﬁﬁ%§2 Fig. 11 Cell vaibility of L929 cells cultured on the surface of
Hﬁjﬂ 2.04:5 000, fiﬁ_\iﬁﬂ‘lEﬂii'ﬁEél 4.5, ﬁﬂ%%%%fﬁ PDLLA membranes
AR AL AR5, SO I E AT R 6.0 he ARAEIEAL
LRI AP ITFRRFLRR AR 2119 2.01x10°, HfH5EEE N (39.911.34) MPa, Wi 3R 3.94%:+0.54%,
SRR R (1.68+0.34) GPa.

(2)PDLLA 3 fI5 7T {2 1 /) B 2T 44 40 i Fr) 185 7
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