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ABSTRACT

L-lactide (LL), e-caprolactone (CL) and glycolide (G) were used to synthesize
random and block terpolymers. The random terpolymer, P(LL-co-CL-co-G), with a
composition ratio of LL:CL:G = 76:19:5 mol % was obtained by bulk ring-opening
polymerization using stannous octoate ((Sn(Oct);) as the initiator. The random
terpolymer obtained had a number-average molecular weight of EZ 33,000, glass
transition temperatures (Ty) = 35°C, a melting range (peak) (Tr) = 144°C and an
initial thermal degradation temperature (T4) = 252°C. The block terpolymer, P[(LL-
co-G)-b-(LL-co-CL)-b-(LL-co-G)], with LL:CL:G = 71:25:4 mol % was obtained via
a 2-step reaction using Sn(Oct), and diethylene glycol as the initiator and coinitiator
respectively. In the first step, the center block, P(LL-co-CL) prepolymer was
prepared from a comonomer feed ratio of LL:CL =20:25 mol %. LL and G were then
added to the prepolymer in the second step to form the two end blocks. The block
terpolymer obtained had values of ﬁn = 27,000, T, = 42°C, Ty, = 156°C and Tq =
254°C. The different Ty and Ty, values of the two terpolymers reflected their different
microstructures. *C and "H-NMR analyses showed the average LL sequence lengths
in both terpolymers to be ~ 9-10. The crystallization behavior of the terpolymers was
investigated by means of a specially developed 4-circle X-ray diffractometer, optical

microscopy, and confirmed by differential scanning calorimetry (DSC). The results



showed that the block terpolymer crystallized at a higher rate of about twice that of
the random terpolymer due to the greater regularity of its end blocks but eventually
led to the same maximum level of crystallinity. The random terpolymer displayed
highly developed lamellar stack-type SAXS patterns, suggesting better-defined
crystals which could be attributed to the greater extent to which non-lactide units
could be incorporated into the crystal interfaces of lamellar crystals to provide a
smoother crystal face.

As-spun fibres of the terpolymers produced by melt spinning were almost
completely amorphous with low crystallinity and orientation. Modification of
terpolymer morphology by hot-drawing under various conditions was employed to
improve the fibre’s mechanical properties. A novel representation of the X-ray fibre
pattern as a series of spherical harmonic functions considerably facilitated the
comparison of the scattering from the minor crystalline phase with hot-drawn fibres
prepared from a poly(L-lactide) homopolymer. Although both terpolymers fibres
exhibited rather disordered structures, the crystal structure was equivalent to the a-
form in poly(L-lactide). The analysis results from WAXD and DSC demonstrated
that hot-drawing of a fibre to a higher draw ratio induced molecular orientation and
crystallization without any changes in the crystal structure within the fibre. The
crystal thickness of both terpolymers was invariant but the crystal width increased
with draw rate, although the random fibre contained thinner crystallites. From
mechanical testing, all tensile properties of the block terpolymer hot-drawn fibres
were found to be better than those of the random fibres. The strongest fibre of the
block terpolymer was obtained by hot-drawing at 70°C with a draw rate of 5280
%/min to a draw ratio of 7.5 and showed potential for further development as a suture
material. The superior tensile strength of the block terpolymer fibre was attributed to
its larger crystal size, higher crystallinity, two-phase (lamellar stack) structure, and
greater orientation in both the crystalline and amorphous phases. Finally, SEM
micrographs of fracture surfaces displayed higher plastic deformation and more
pronounced fibrillar strips in the case of the random fibre resulting from its greater

chain flexibility.
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