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Thermal Properties of Copolymer of L-lactide with Trimethylene Carbonate

Chikara TSUTSUMI*, Eriko TAKAHASHI*, Takumi KONDOU*

Poly(L-lactide) [poly(L-LA)] is a biocompatible and biodegradable semicrystalline polymer obtained from starch in high yield. However, poly(L-LA) is found to
be too hard and too brittle for widely usable biodegradable materials. The physical properties can be improved by copolymerization of L-LA with other cyclic
compounds such as lactones or cyclic carbonates. In this work, synthetic random copolymer of L-LA with trimethylene carbonate (TMC) [poly(L-LA-+an-TMC)]
was determined melting point (7m), heat of fusion (AHm), and glass transition point (7z) by DSC measurement, and physical properties were evaluated. In each

measurement, a 5 mg copolymer was heated at a rate of 10 °C/min from -20 °C to 200 °C under a nitrogen gas atmosphere. The 7imand AH values were determined
during the first heating of the sample while the 7; was obtained from the second heating. 7; of poly(L-LA-ran-TMC) was proportionality relation to the L-LA
content regardless of the molecular weight of copolymer. On the other hands, the relation between a L-LA content and 7 changed with molecular weights, and 7m
of the random copolymer turmned out that the molecular weight has also influenced in addition to the L-LA content.
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Poly(L-LA-ran-TMC)
Scheme 1 Ring-opening random copolymerization of L-LA and

L-LA ™
TMC with Sn(oct).
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Table 1 Random copolymer of L-LA and TMC synthesized with
Sn(oct).

Comp.®  MyJ/10*® M /My® Tz  Twm®  AHn®

[mol/mol]  [g/mol] [°C] [°C] [J/g]
96/4 8.39 1.67 575 167.6 379
93/7 8.73 1.68 553 158.8 334
90/10 8.50 1.72 524 1393 24.0
88/12 7.12 1.61 53.9 156.3 293
85/15 9.46 1.65 49.6  140.0 20.1
84/16 7.83 1.66 48.8  139.6 19.8
82/18 7.22 1.64 46.9 126.7 233
80/20 7.73 1.80 45.1  105.7 16.9
70/30 6.73 1.72 35.7 n.d. n.d.

a) Determined by '"H NMR. b) Determined by GPC. ¢) Determined
by DSC. Comp.: L-LA/TMC composition. n.d.: not detected.

D2 D L-LA/TMC 7 v Z LILTEARD 1st b —T
+ 7B % DSC JIE B % Fig. 1 (-7, EABROH
EFRERDIFNICEE L LT L-LA H5WNE TMC OBEMES
EOMRE LR L, L-LA BHMEAE (1000 &KL 1% 177
°C fHEICREE — 7 NBELNTEY, ZOE—7 OEEIT
420J/g EEWVETH -7, ML 93/7 OILEA ML, 158°C
I Ta B R OIEF IV v — 7 72 DSCHR A H O TEY |



ZOEEIL TMC 582 7 mol%fEE ORI & 2xhb 53,
100/0 £ 0 SN2 2 MERT D &R TE, 82/18 D
FERTIE, ZOE— 7 HREOME/ NI & 720 70/30 TiX Ta
DIFELRVIERER Y ~—Th b Z LD MRTE 1, £,
TMC GEOHEINC & B2 Tn XA LMK T L7z, TMC &
HENEMTHICE bRV E—7 @I T 5 & L bz —
7 O NAENIEAE R A & 722 0 . 80/20 TILAE M fEIR OHE/N &
FOFEHDORE SITAFTYERNELTHWEZ E N1,

e}
>
[sa]
1
l
[=}
=
gl 70/30 \ I § ’
0/100
60 80 100 120 140 160 180 200

Temperature / °C
Fig. 1 DSC thermograms of poly(L-LA-ran-TMC) specimens
obtained during first heating.
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Fig. 2 DSC thermograms of poly(L-LA-ran-TMC) specimens

obtained during second heating.
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Fig. 3 Relationship between L-LA content and 7m for poly(L-LA-
ran-TMC) films.
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